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Description 
FIELD OF THE INVENTION 



narticular to oene therapy using aueduvnuow. 

lo me neiu <-« ycnc ui^im^jfi ■•■ — - 
BACKGROUND OF THE INVENTION 

10002] .n gene therapy, genetic information is usually delivered ,c , a . ^^^^SSSi 
f 0 r S tO S— -~ende r pedto_ 

different systems may work on oell lines cultured m vitro, ^J^^sSge^e therapy purposes most of the 
seems to be able to meet the required efficiency of gene J^^ST^SII attenEon for the development 
attention is directed toward the development of suitable vrivrt«Wj ^vLes. These adenovirus vectors 
of suitable viral vectors is directed toward ^^J^^^Zam. obtaining .arge amounts of 
can deliver foreign genetic information very efficiently to target ce s ^ n * iv ° vectors are relatively easy to 

Urerap, protocols. HM .**» * a ™"» ! "° s 1. „ 0 Ua* SriCtcl by •» «n«l Stoneoattor. of adenovirus 
section therefore a brief introduction to adenoviruses is given. 



Adenoviruses 



[0006] Adenovimsesco r a,™ 

divided in early and late regions. Shortly affer infection the , E A and E1B gJ^J^,, {DNA binding pro tein. 
activation of cellular and adenoviral genes. The ^^LToH^Z^enLe (reviewed in van der Vliet, 

io pre-terminal protein and polymerase) required for the ^~' e 9 transact ivation of the E2 early 

UK). The eady region E4 encodes severe > P^n wrth p£to»» uncton e« ^ .^.^ ^ 

promoter, facilitating transport and accumulation of vi a, "J^^J* encodes proteins that are involved 
stability of major late pre-mRNAs ^^^^^j S 5) Th e late region is transcribed from one single 
in modulation of the immune response of the ^^'^^naLi cation Complex splicing and polyadenylation 

« promoter (major late promoter) and j, «d a = DMA ep^ or. Cor p^ P ^ 

mechanisms give rise to more than 12 RNA species nans M° f assemb | y 0 f the capsid and shut-down of host 
associated proteins), viral protease and proteins necessary _fo Mhe ^ ranscri Jtional control of adenovirus 

protein translation(lmperiale, M.J.. Akusjnarvi. G and Leppard KM (1995) Post trans p ^ 
gene expression. In: The molecular repertoire of adenoviruses I. P139 171. W. uoeme 

50 Veriag Berlin Heidelberg). 



Interaction between virus and host cell 



55 



l00 07] The interaction of the virus with the host cei. has ma,. y = ^^^^ 
and Ad5. Binding occurs via interaction of the knob region of the ^^TISXE^ Receptor" or CAR 
for Ad2 and Ad5 and probably more adenoviruses ,s known «^^^ 8 ™£ GD sequen ce present in the 
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40 and 41 do not contain a RGD sequence in their pentpn base sequence (Kidd et al, 1993). 
The fiber protein 

[0008] The initial step for successful infection is binding of adenovirus to its target cell, a process mediated through 
fiber protein. The fiber protein has a trimeric structure (Stouten et al, 1992) with different lengths depending on the 
virus serotype (Signas et al, 1985; Kidd et al, 1993). Different serotypes have polypeptides with structurally similar N 
and C termini, but different middle stem regions. The first 30 amino acids at the N terminus are involved in anchoring 
of the fiber to the penton base (Chroboczek et al, 1995), especially the conserved FNPVYP region in the tail (Arnberg 
et al, 1997). The C-terminus, or knob, is responsible for initial interaction with the cellular adenovirus receptor After 
this initial binding secondary binding between the capsid penton base and cell-surface integrins leads to internalization 
of viral particles in coated pits and endocytosis (Morgan et al, 1 969; Svensson and Persson, 1 984; Varga et al, 1 991 ; 
Greber et al, 1 993; Wickham et al, 1 993). Integrins are ap-heterodimers of which at least 14 a-subunits and 8 p-subunits 
have been identified (Hynes, 1992). The array of integrins expressed in cells is complex and will vary between cell 
types and cellular environment. Although the knob contains some conserved regions, between serotypes, knob proteins 
show a high degree of variability, indicating that different adenovirus receptors exist. 

Adenoviral serotypes 

[0009] At present, six different subgroups of human adenoviruses have been proposed which in total encompass 
approximately 50 distinct adenovirus serotypes. Besides these human adenoviruses, many animal adenoviruses have 
been identified (see e.g. Ishibashi and Yasue, 1984). A serotype is defined on the basis of its immunological distinc- 
tiveness as determined by quantitative neutralization with animal antiserum (horse, rabbit). If neutralization shows a 
certain degree of cross-reaction between two viruses, distinctiveness of serotype is assumed if A) the hemagglutinins 
are unrelated, as shown by lack of cross-reaction on hemagglutination-inhibition, or B) substantial biophysical/bio- 
chemical differences in DNA exist (Francki et al, 1991). The serotypes identified last (42-49) were isolated for the first 
time from HIV infected patients (Hierholzer et al, 1 988; Schnurr et al, 1 993). For reasons not well understood, most of 
such immuno-cbmpromised patients shed adenoviruses that were never isolated from immuno-competent individuals 
(Hierholzer et al, 1988, 1992; Khoo et al, 1995). ' 

[0010] Besides differences towards the sensitivity against neutralizing antibodies of different adenovirus serotypes, 
adenoviruses in subgroup C such as Ad2 and Ad5 bind to different receptors as compared to adenoviruses from sub- 
group B such as Ad3 and Ad7 (Defer et al, 1 990; Gall et al, 1 996). Likewise, it was demonstrated that receptor specificity 
could be altered by exchanging the Ad3 knob protein with the Ad 5 knob protein, and vice versa (Krasnykh et al, 1 996; 
Stevenson et al, 1995, 1997). Serotypes 2, 4,5 and 7 all have a natural affiliation towards lung epithelia and other 
respiratory tissues. In contrast, serotypes 40 and 41 have a natural affiliation towards the gastrointestinal tract. These 
serotypes differ in at least capsid proteins (penton-base, hexon), proteins responsible for cell binding (fiber protein), 
and proteins involved in adenovirus replication. It is unknown to what extend the capsid proteins determine the differ- 
ences in tropism found between the serotypes. It may very well be that post-infection mechanisms determine cell type 
specificity of adenoviruses. It has been shown that adenoviruses from serotypes A (Ad 12 and Ad31),C (Ad2 and Ad5), 
D (Ad9 and Adl5),E (Ad4) and F (Ad41) all are able to bind labeled, soluble CAR (sCAR) protein when immobilized on 
nitrocellulose. Furthermore, binding of adenoviruses from these serotypes to Ramos cells, that express high levels of 
CAR but lack integrins (Roelvihk et al, 1 996), could be efficiently blocked by addition of sCAR to viruses prior to infection 
(Roelvink et al, 1998). However, the fact that (at least some) members of these subgroups are able to bind CAR does 
not exclude that these viruses have different infection efficiencies in various cell types. For example subgroup D se- 
rotypes have relatively short fiber shafts compared to subgroup A and C viruses. It has been postulated that the tropism 
of subgroup D viruses is to a large extend determined by the penton base binding to integrins (Roelvink et a/, 1996; 
Roelvink et al, 1998). Another example is provided by Zabner et al, 1998 who have tested 14 different serotypes on 
infection of human ciliated airway epithelia (CAE) and found that serotype 17 (subgroup D) was bound and internalized 
more efficiently then all other viruses, including other members of subgroup D. Similar experiments using serotypes 
from subgroup A-F in primary fetal rat cells showed that adenoviruses from subgroup A and B were inefficient whereas 
viruses from subgroup D were most efficient (Law et al, 1998). Also in this case viruses within one subgroup displayed 
different efficiencies. The importance of fiber binding for the improved infection of Ad 17 in CAE was shown by Armen- 
tano et al (WO 98/22609) who made a recombinant LacZ Ad2 virus with a fiber gene from Ad17 and showed that the 
chimaeric virus infected CAE more efficient then LacZ Ad2 viruses with Ad2 fibers. 

[0011] Thus despite their shared ability to bind CAR, differences in the length of the fiber, knob sequence and other 
capsid proteins e.g. penton base of the different serotypes may determine the efficiency by which an adenovirus infects 
a certain target cell. Of interest in this respect is the ability of Ad5 and Ad2 fibers but not of Ad3 fibers to bind to 
fibronectin III and MHC class 1 a2 derived peptides. This suggests that adenoviruses are able to use cellular receptors 
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of Sag CAR (Roe.vink et a/. 1 998). The receptor for the short fiber . not known. 
5 Adenoviral gene delivery vectors 

Blaese era/, 1995). ^nnuirai vectors^ have a number of features that make 

[0013] Gene transfer vectors derived from adenoviruses (adenoviral vectors) 

them particularly useful for gene transfer 

1 ) the biology of the adenoviruses is well characterized, 

2) the adenovirus is not associated with severe human pathology, 

3 the virus is extremely efficient in introducing its DNA into the host cell, 
4) the virus can infect a wide variety of cells and has a broad host-range, 

(Brody and Crystal, 1994). 
[0014] However, there is still a number of drawbacks associated with the use of adenoviral vectors: 
" 1) Adenoviruses, especially the we,, investigated serotypes Ad2 and Ad5 usually elicit an immune response by 
the host into which they are introduced, 

the liver. The liver can be particularly well transduced with vectors a enve ° 

theraDies were 

vectors via the bloodstream leads to a significant M ^^^^^Zsi be applied to prevent 
other cell types then liver cel.s need to be transduced ™J £ ^ vec £ from the liver 
35 uptake of the vector by these cells. Current methods rely on the phys ca separate or angioplasty 
cells, most of these methods rely on localizing the vector ^J^^S^SL through'de.ivery 

or direct injection into an ^^/^ISSS SSl^ >'°° dstream thereby preventing 
of the vector to compartments in the body that are MW of , he vectQr 

transport of the vector to the liver. Although these methods mostly succeed ' ^ngg y 
<o to Jliver. most of the methods are crude and st, h ~ 

penetration characteristics. In some cases madverten dehvery _of th J v^>r» subsequen t killing of 

For instance, delivery of a herpes simplex virus (HSV thymine JJ£j ™ signific q ant amount of 
dividing cancer ceils through administration of gancyclow is quite da ™""2* of the HSV " TK gene t0 
liver cells are transduced by the vector. Significant delivery and ^^^J^J ^vector prided 
liver cells is associated with severe toxicity. Thus there is a discrete need for an inherently 
with the property of a reduced transduction efficiency of liver cells. 



BRIEF DESCRIPTION OF DRAWINGS 
50 [0015] 
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activity/ *ig of total protein. All values below 200 Keiative ugru uniw ny h 



^"fession of CAR and in.egrins on the cel. surface of endothelial cells and smooth muscle cell, 70%: 
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Cells harvested for FACS analysis at a cell density of 70% confluence 100%: Cells harvested for FACS analysis 
at a cell density of 100% confluency. PER.C6 cells were taken as a control for antibody staining. Values represent 
percentages of cells that express CAR or either one of the integrins at levels above background. As background 
control, HUVECs or HUVsmc were incubated only with the secondary, rat-anti-mouse lgG1-PE labeled antibody. 
Table IV: Determination of transgene expression (luciferase activity) per ug of total cellular protein after infection 
of A549 cells. 



Figure 1 
Figure 2: 
Figure 3 
Figure 4 
Figure 5: 
Figure 6 

Figure 7: 



Figure 8: 



Figure 9: 



Schematic drawing of the pBr/Ad.Bam-rlTR construct. 

Schematic drawing of the strategy used to delete the fiber gene from the pBr/Ad.Bam-rlTR construct. 

Schematic drawing of construct pBr/Ad. Bam RAfib. 

Sequences of the chimaeric fibers Ad5/12, Ad5/16, Ad5/28, and Ad5/40-L 

Schematic drawing of the construct pClipsal-Luc. 

Schematic drawing of the method to generate chimaeric adenoviruses using three overlapping fragments. 
Early (E) and late regions (L) are indicated. L5 is the fiber coding sequence. 

A) Infection of HUVEC cells using different amounts of virus particles per cell and different fiber chimeric 
adenoviruses. Vims concentration: 10000 vp/ cell (= white bar), 5000 vp/ cell (= grey bar), 2500 vp/ cell 
(= Black bar) 1000 vp/ cell (light grey bar, 250 and 50 vp/ cell no detectable luciferase activity above 
background. Luciferase activity is expressed in relative light units (RLU) per microgram cellular protein. 

B) Infection of HUVEC cells using different concentrations of cells (22500, 45000, 90000, or 135000 cells 
seeded per well) and either adenovirus serotype 5 (black bar) or the fiber 16 chimeric adenovirus (white 
bar). Luciferase activity is expressed in relative light units (RLU) per microgram cellular protein. C) Flow 
cytometric analysis on Human aorta EC transduced with 500 (Black bar) or 5000 (grey bar) virus particles 
per cell of Ad5 or the fiber 16 chimeric virus (Fib16). Non-infected cells were used to set the background 
at 1% and a median fluorescence of 5.4. The maximum shift in the median fluorescence that can be 
observed on a flow cytometer is 9999. This latter indicates that at 5000 vp/ cell both Ad5 and Fibl6 are 
outside the sensitivity scale of the flow cytometer. 

A) Infection of HUVsmc cells using different amounts of virus particles per cell and different fiber mutant 
Ad5 based adenoviruses. Virus concentration: 5000 vp/ cell (= white bar), 2500 vp/ cell (= grey bar), 1 250 
vp/ cell (= dark grey bar), 250 vp/ cell (= black bar), or 50 vp/ cell (light grey bar). Luciferase activity is 
expressed as relative light units (RLU) per microgram cellular protein. B) Infection of HUVsmc cells using 
different concentrations of cells (10000, 20000, 40000, 60000, or 80000 cells per well) and either aden- 
ovirus serotype 5 (white bars) or the fiber 16 chimeric adenovirus (black bars). A plateau is observed 
after infection with chimeric fiber 16 adenovirus due to the fact that transgene expression is higher than 
the sensitivity range of the bioluminimeter used. C) Human umbilical vein SMC transduced with 500 VP/ 
cell (black bar) or 5000 VP/ cell (grey bar) using either Ad5 or the fiber 1 6 mutant (Fib1 6). Non-transduced 
cells were used to set a background median fluorescence of approximately 1. Shown is the median 
fluorescence of GFP expression as measured by flow cytometry. D) HUVsmc were infected with 312 
(light grey bar), 625 (grey bar), 1250 (black bar), 2500 (dark grey bar), 5000 (light grey bar), or 10000 
(white bar) virus particles per cell of either the fiber 11 , 1 6, 35, or 51 chimeric virus. Luciferase transgene 
expression expressed as relative light units (RLU) per microgram protein was measured 48 hours after 
virus exposure. E) Macroscopic photographs of LacZ staining on saphenous samples. Nuclear targeted 
LacZ (ntLacZ) yields a deep blue color which appears black or dark grey in non-color prints. F) Macro- 
scopic photographs of LacZ staining on pericard samples. Nuclear targeted LacZ (ntLacZ) gives a deep 
blue color which appears black in non-color prints G) Macroscopic photographs of LacZ staining on right 
coronary artery samples. Nuclear targeted LacZ (ntLacZ) gives a deep blue color which appears black 
in non-color prints H) LacZ staining on Left artery descending (LAD) samples. Nuclear targeted LacZ 
(ntLacZ) gives a deep blue color which appears black in non-color prints 

Sequences including the gene encoding adenovirus 16 fiber protein as published in Genbank and se- 
quences including a gene encoding a fiber from an adenovirus 16 variant as isolated in the present 
invention, wherein the sequences of the fiber protein are from the Ndel-site. Figure 9A nucleotide se- 
quence comparison. Figure 9B amino-acid comparison. 



SUMMARY OF THE INVENTION 



55 [0016] The present invention provides gene therapy methods, compounds and medicines. The present invention is 
particularly useful in gene therapy applications were endothelial cells and /or smooth muscle ceils form the target cell 
type. The present invention relates to gene delivery vehicles provided with a tissue tropism for at least endothelial cells 
and /or smooth muscle cells. The present invention further relates to gene delivery vehicles having been deprived of 
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a tissue tropism for liver cells. 

DETAILED DESCRIPTION OF THE INVENTION. 

[0017] . is an object of the current invention to provide ^^^^^^Z^^l 
L~.UM„rc montinnPd above. In a broad sense, the invention provides new adenoviruses*. 

a chimaeric vector to give rise to a vector that is better suited for ^^^^S cells, improved stability 
but are not limited to, improved infection of a specific target ce, '^^SSXStfS^ toxidty to target 
of the virus, reduced uptake in antigen presenfing cells (ARC) °'^%^^ humans or ani mals, better 
cells, reduced neutralization in humans or an,mals reduce o ^^.^^Zei yields in packaging cell 
and/or prolonged transgene expression, increased penetration capac.ty in tissues, improveo y 

lines, etc. ~, m hina«nn of the low immunogenicity of some adenovi- 

[0018] One aspect of the present invention facilitates *° Such characteristics may be a 

Les with the characteristics of other adenoviruses that allow effic ent ^gene ^therapy sucn c 

nigh specificity for certain host cells, a good ^jJ^S JST* The invenfion thus 

host cells, low infection efficiency in non-target cells h.gh or low effic adenovinJ ses of different serotypes. 

ma y provide chimaeric adenoviruses Ravins [^^^^ZS^ « adenovirUS ^ 
Typically, two or more requirements from the above ~^£^ii^lnv«^ Prides adenovirus derived 
of efficiently transferring genetic matenal to a host cell. Therefore the present nnmno ' P gt ^ 

vectors whfch can be used as cassettes to insert different adenoviral ^f^^^^^ a Z«sa also 

sufficient amount of safe chimaenc adenoviruses. rnmnri cinn at least a fragment of a fiber protein 

,n one of its aspects the present invention provides adenoviral J^^J^nT^^W vector or may 
of an adenovirus from subgroup B. Said fiber protein may be ^ "^J^^ , nthelatterca se the adenoviral 
be derived from a serotype different from the serotype thead ^^ 

vector according to the invention is a chimaeric adenovirus disp laying at * sucn a vims 
from subgroup B adenoviruses that fragment comprising * >^«"££ ^2 Such vertoX are also subject of 

so^ 

of the fiber sequence from adenovirus type 1 6. whereby the J^^^lc adenoviral vectors 

the fiber protein that is involved in binding a host cell. The present ,nv en J^J^J^Xhofl cells for exa mple. 
that show improved infection as compared to adenoviruses ^^^^^^ jrnporta nt feature of the 
but not limited to, endothelial cells and smoo* , musde ce s « «£j ^ ^ ^ ^ 

present invention is the means to produce the chimaenc virus. . aeneral tner efore it is desired to omit 

administered to the host cell, which contains replication competent aae "° v ""=. = .. the 

chimaeric virus and to 

a number of genes (but at least one) from the adenoviral ge aden ovirus. Such a 
supply these genes in the genome of the cell in which the vector ,s brought o «d 
ce!is usually called a packaging cell. The invention th "^ 

adenovirus according to the invention, compnsinc ,,„ trans all elemente ■^J^JShm. »o be adapted to one 
on the adenoviral vector according to the *«»Z^ elements which lead to 

another in that they have all the necessary elements but tha they do not M M £ p 9 risj „ ka ing 
replication competent virus by recombination Thus the «™*™* ° ^Xlere is essentially no se- 

ditions for example in specific cel. types like tumor cells or genes from the same or other 

,t is within the scope of the invention to insert more ^ s ^^L^nJ^^ m9 \e replacement of 
; serotypes into the adenoviral vector replacing the corresponding ^^^^^ ^combined with for 
(a functional part of the) fiber sequences with corresponding sequence > ^££?Z m with corresponding se- 

— ; i ^^^^^^^ - - — s 
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not limited to the said genes are possible and are within the scope of the invention. The chimaeric adenoviral vector 
according to the invention may originate from at least two different serotypes. This may provide the vector with preferred 
characteristics such as improved infection of target cells and/or less infection of non-target cells, improved stability of 
the virus, reduced immunogenicity.in humans or animals (e.g. reduced uptake in APC, reduced neutralization in the 

5 host and/or reduced cytotoxic T-lymphocyte (CTL) response), increased penetration of tissue, better longevity of trans- 
gene expression, etc. In this aspect it is preferred to use capsid genes e.g! penton and/or hexon genes from less 
immunogenic serotypes as defined by the absence or the presence of low amounts of neutralizing antibodies in the 
vast majority of hosts. It is also preferred to use fiber and/or penton sequences from serotypes that show improved 
binding and internalization in the target cells. Furthermore it is preferred to delete from the viral vector those genes 

10 which lead to expression of adenoviral genes in the target cells. In this aspect a vector deleted of all adenoviral genes 
is also preferred. Furthermore it is preferred that the promoter driving the gene of interest to be expressed in the target 
cells is a cell type specific promoter. 

[0019] In order to be able to precisely adapt the viral vector and provide the chimaeric virus with the desired properties 
at will, it is preferred that a library of adenoviral genes is provided whereby the genes to be exchanged are located on 

is plasmid- or cosmid-based adenoviral constructs whereby the genes or the sequences to be exchanged are flanked 
by restriction sites. The preferred genes or sequences can be selected from the library and inserted in the adenoviral 
constructs that are used to generate the viruses. Typically such a method comprises a number of restriction and ligation 
steps and transfection of a packaging cell. The adenoviral vector can be transfected in one piece, or as two or more 
overlapping fragments, whereby viruses are generated by homologous recombination. For example the adenoviral 

20 vector may be built up from two or more overlapping sequences for insertion or replacements of a gene of interest in 
for example the E1 region, for insertion or replacements in penton and/or hexon sequences, and for insertions or 
replacements into fiber sequences. Thus the invention provides a method for producing chimaeric adenoviruses having 
one or more desired properties like a desired host range and diminished antigenicity, comprising providing one or more 
vectors according to the invention having the desired insertion sites, inserting into said vectors at least a functional 

25 part of a fiber protein derived from an adenovirus serotype having the desired host range and/or inserting a functional 
part of a capsid protein derived from an adenovirus serotype having relatively low antigenicity and transfecting said 
vectors in a packaging cell according to the invention and allowing for production of chimaeric viral particles. Of course 
other combinations of other viral genes originating from different serotypes can also be inserted as disclosed herein 
before. Chimaeric viruses having only one non-native sequence in addition to an insertion or replacement of a gene 

30 of interest in the E1 region, are also within the scope of the invention. An immunogenic response to adenovirus that 
typically occurs is the production of neutralizing antibodies by the host. This is typically a reason for selecting a capsid 
protein like penton, hexon and/or fiber of a less immunogenic serotype. 

Of course it may not be necessary to make chimaeric adenoviruses which have complete proteins from different se- 
rotypes. It is well within the skill of the art to produce chimaeric proteins, for instance in the case of fiber proteins it is 

35 very well possible to have the base of one serotype and the shaft and the knob from another serotype. In this manner 
it becomes possible to have the parts of the protein responsible for assembly of viral particles originate from one 
serotype, thereby enhancing the production of intact viral particles. Thus the invention also provides a chimaeric ad- 
enovirus according to the invention, wherein the hexon, penton, fiber and/or other capsid proteins are chimaeric proteins 
originating from different adenovirus serotypes. Besides generating chimaeric adenoviruses by swapping entire wild 

40 type capsid (protein) genes etc. or parts thereof, it is also within the scope of the present invention to insert capsid 
(protein) genes etc. carrying non-adenoviral sequences or mutations such as point mutations, deletions, insertions, 
etc. which can be easily screened for preferred characteristics such as temperature stability, assembly, anchoring, 
redirected infection, altered immune response etc. Again other chimaeric combinations can also be produced and are 
within the scope of the present invention. 

45 [0020] It has been demonstrated in mice and rats that upon in vivo systerhic delivery of recombinant adenovirus of 
common used serotypes for gene therapy purposes more than 90% of the virus is trapped in the liver (Herz et at, 1 993; 
Kass-Eisler et al, 1994; Huard et al, 1995). It is also known that human hepatocytes are efficiently transduced by 
adenovirus serotype 5 vectors (Castell, J.V., Hernandez, D. Gomez-Foix, A.M., Guillen, I, Donato, T. and Gomez- 
Lechon, M.J. (1997). Adenovirus-mediated gene transfer into human hepatocytes: analysis of the biochemical func- 

50 tionality of transduced cells. Gene Ther. 4(5), p455-464). Thus in vivo gene therapy by systemic delivery of Ad2 or Ad5 
based vectors is seriously hampered by the efficient uptake of the viruses in the liver leading to unwanted toxicity and 
less virus being available for transduction of the target cells. Therefore, alteration of the adenovirus serotype 5 host 
cell range to be able to target other organs in vivo is a major interest of the invention. 

[0021] To obtain re-directed infection of recombinant adenovirus serotype 5, several approaches have been or still 
55 are under investigation. Wickham et al have altered the RGD (Arg, Gly, Asp) motif in the penton base which is believed 
to be responsible for the o^fa and integrin binding to the penton base. They have replaced this RGD motif by 
another peptide motif which is specific for the a A ^ receptor. In this way targeting the adenovirus to a specific target 
cell could be accomplished (Wickham et al, 1995). Krasnykh et al (1998) have made use of the HI loop available in 
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theKnob.This.oopis,^^ 

is thought not to contribute to the intramolecular interacts in the knob. Insertion «*™ J ^ 
the HI loop resu.ted in fiber proteins that were able to trimense ^^J^SSS^^ with CAR are 
FLAG sequence in the knob region could be made. Alt ho"9«^ns °f J^SJST2S««M introduction 
not changed, insertion of ligands in the HI loop may lead to retargets of '"^ n - ™ stmcture of knob and 
nf rhanoes in the adenovirus serotype 5 fiber and penton-base have been report^.Jhe oomp^ ^ 
the limited knowledge of the precise amino acids interacting with (Wlckham 

z^z 2cE5ssf-«. we us. ^-^.asrar 

be targeted to specific cell types in vitro as well as m wo and ^^^^OeLi^ °r an adenovirus capsid 
a further object of the present invention to provide methods and means by which ^ adenovirus 

can be used as a protein or nucleic acid ^^f^^ J^SSl late genes is described. For 
The generation of chimaeric adenoviruses based on 'j^V^S^^ 5 genome, were constructed, 
this purpose, three plasmids, which together conta.n the complete adenovirus »W 3^ ^ gnd rep , aced 
From one of these plasmids part of the DNA encoding the adenovirus seruiyp y temolate for the insertion 

by linker DNA sequences that facilitate easy cloning. This |^ "^T^NA seque nces derived from the 
of DNA encoding fiber protein derived from different with (degenerate) 

different serotypes were obtained using the 

oligonucleotides. At the former E1 location ,n the genome ^^^SJ of a recombinant chimaeric 
A single transfection procedure of the three plasmids ^^^'^^ can be such that the chimaeric 
adenovirus. Alternately, cloning of the sequences obteined from the W^ESS-n. at least the left ITR and 
adenoviral vector is build up from one or two fragments. ^ exampl > one oons sequences over- 

vectors for in vitro and in vivo gene therapy purposes. aDoarent inability to infect certain cell 

[0023] The use of adenovirus type 5 for in vivo gene "^JSS of Eon of certain organs e.g. liver 

types e.g. human endothelial cells and smooth ™^^^K^d2^ Kke restenosis and pulmonary 
and spleen. Specifically this has consequences for treat ™ n ^^ nitric oxide synthase) has been 

hypertension. Adenovirus-mediated delivery of human ceNOS (con*rtu*v (pT * A) . Restenosis is 

prosed as treatment for resten ^ ^Z^T^Z^a^J^ ^erplasia at the site of 
characterized by progressive arterial Km ^ n ^f^~!T" N0 is one of the vasoactive factors shown to be 
angioplasty (Schwartz et a/, 1993; Carter ef a/, 1994; Sh e a/ 1996V NO « one of tne nq ^ 

lost alter PTCA-induced injury to the endothelial .^.^f;^ (Varenne ef a/, 1 998). 

after balloon-induced injury by means of adenoviral delivery * J^J^^J^ ^ nvention are superior 
Other appfications for gene therapy ""^^ of Sins by endothelial ce.ls that are 

= o" — , P e 5 and contain 
adenoviruses, mau Hp derived from the serotype having the 
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quences comprising the desired functions of another serotype, these sequences replacing the native sequences in the 
said serotype. 

[0025] In another aspect this invention describes chimaeric adenoviruses and methods to generate these viruses 
that have an altered tropism different from that of adenovirus serotype 5. For example, viruses based on adenovirus 

5 serotype 5 but displaying any adenovirus fiber existing in nature. This chimaeric adenovirus serotype 5 is able to infect 
certain cell types more efficiently, or less efficiently in vitro and in vivo than the adenovirus serotype 5. Such cells 
include but are not limited to endothelial cells, smooth muscle cells, dendritic cells, neuronal cells, glial cells, synovical 
cells, lung epithelial cells, hemopoietic stem cells, monocytic/macrophage cells, tumor cells, skeletal muscle cells, 
mesothelial cells, synoviocytes, etc. 

10 [0026] In another aspect the invention describes the construction and use of libraries consisting of distinct parts of 
adenovirus serotype 5 in which one or more genes or sequences have been replaced with DNA derived from alternative 
human or animal serotypes. This set of constructs, in total encompassing the complete adenovirus genome, allows 
for the . construction of unique chimaeric adenoviruses customized for a certain disease, group of patients or even a 
single individual. 

15 in all aspects of the invention the chimaeric adenoviruses may, or may not, contain deletions in the El region and 
insertions of heterologous genes linked either or not to a promoter. Furthermore, chimaeric adenoviruses may, or may 
not, contain deletions in the E3 region and insertions of heterologous genes linked to a promoter. Furthermore, chi- 
maeric adenoviruses may, or may not, contain deletions in the E2 and/or E4 region and insertions of heterologous 
genes linked to a promoter. In the latter case E2 and/or E4 complementing cell lines are required to generate recom- 

20 binant adenoviruses. In fact any gene in the genome of the viral vector can be taken out and supplied in trans. Thus, 
in the extreme situation, chimaeric viruses do not contain any adenoviral genes in their genome and are by definition 
minimal adenoviral vectors. In this case all adenoviral functions are supplied in trans using stable cell lines and/or 
transient expression of these genes. A method for producing minimal adenoviral vectors is described in W097/00326 
and is taken as reference herein. In another case Ad/AAV chimaeric molecules are packaged into the adenovirus 

25 capsids of the invention. A method for producing Ad/AAV chimaeric vectors is described in EP 97204085.1 and is taken 
as reference herein. In principle any nucleic acid may be provided with the adenovirus capsids of the invention. 
[0027] In one embodiment the invention provides a gene delivery vehicle having been provided with at least a tissue 
tropism for smooth muscle cells and/or endothelial cells. In another embodiment the invention provides a gene delivery 
vehicle deprived of a tissue tropism for at least liver cells. Preferably, said gene delivery vehicle is provided with a 

30 tissue tropism for at least smooth muscle cells and/or endothelial cells and deprived of a tissue tropism for at least liver 
cells. In a preferred embodiment of the invention said gene delivery vehicle is provided with a tissue tropism for at least 
smooth muscle cells and/or endothelial cells and/or deprived of a tissue tropism for at least liver cells using a fiber 
protein derived from a subgroup B adenovirus, preferably of adenovirus 16. In a preferred aspect of the invention said 
gene delivery vehicle comprises a virus capsid. Preferably said virus capsid comprises a virus capsid derived in whole 

35 or in part from an adenovirus of subgroup B, preferably from adenovirus 16, or it comprises proteins, or parts thereof, 
from an adenovirus of subgroup B, preferably of adenovirus 16. In preferred embodiment of the invention said virus 
capsid comprises proteins, or fragments thereof, from at least two different viruses, preferably adenoviruses. In a 
preferred embodiment of this aspect of the invention at least one of said virus is an adenovirus of subgroup B, preferably 
adenovirus 16. 

40 in a preferred embodiment of the invention said gene delivery vehicle comprises an adenovirus fiber protein or frag- 
ments thereof. Said fiber protein is preferably derived from an adenovirus of subgroup B, preferably of adenovirus 16. 
Said gene delivery vehicle may further comprise other fiber proteins, or fragments thereof, from other adenoviruses. 
Said gene delivery vehicle may or may not comprise other adenovirus proteins. Nucleic acid may be linked directly to 
fiber proteins, or fragments thereof, but may also be linked indirectly. Examples of indirect linkages include but are not 

45 limited to, packaging of nucleic acid into adenovirus capsids or packaging of nucleic acid into liposomes, wherein a 
fiber protein, or a fragment thereof, is incorporated into an adenovirus capsid or linked to a liposome. Direct linkage of 
nucleic acid to a fiber protein, or a fragment thereof, may be performed when said fiber protein, or a fragment thereof, 
is not part of a complex or when said fiber protein, or a fragment thereof, is part of complex such as an adenovirus capsid. 
In one embodiment of the invention is provided a gene delivery vehicle comprising an adenovirus fiber protein wherein 

50 said fiber protein comprises a tissue determining fragment of an adenovirus of subgroup B adenovirus preferably of 
adenovirus 16. Adenovirus fiber protein comprises three functional domains. One domain, the base, is responsible for 
anchoring the fiber to a penton base of the adenovirus capsid. Another domain, the knob, is responsible for receptor 
recognition whereas the shaft domain functions as a spacer separating the base from the knob. The different domains 
may also have other function. For instance, the shaft is presumably also involved in target cell specificity. Each of the 

55 . domains mentioned above may be used to define a fragment of a fiber. However, fragments may also be identified in 
another way. For instance the knob domain comprises of a receptor binding fragment and a shaft binding fragment. 
The base domain comprises of a penton base binding fragment and a shaft binding fragment. Moreover, the shaft 
comprises of repeated stretches of amino acids. Each of these repeated stretches may be a fragment. 
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A llsaee Iropiem d—s, rregmerr, o, a «be, pro,*, ™» be . SSTXi^SS 
of frasrrrj, 01 a. baaa. one «ber pro.*, wlrer* said basa. Kwm "^™*„ s ' auc . a gfcen cell or 

«eoi afc™«™i,. a Sasoa Iroplaa, lor , pertain Usarre ma, b. proetded by .—-a - 

capsid are incorporated into a fiber protein. adenovirus preferably adenovirus 

In a preferred embodiment of the invention, a fiber prote.n derived ^ a ^ adeno = P V 
1 6, is combined with the non-fiber capsid proteins from an ^^^^JS^ from an adenovirus, 
in one aspect of the invention is provided a gene delivery veh.de » WJ" 0 n e nucleic acid sequence 
,n a preferred embodiment of the invention said adenovirus nucleic *£"J^™^ p B adenovirus fiber 
encoding a fiber protein comprising at least a tissue trop.sm ^^^^^SSZi from at least two 
protein, preferably of adenovirus 16. In a preferred aspect ea ^r^^^ i gl least two different aden- 

ZStfZn* of a subgroup B adeno ° h that the capacity of said 

L n d : n -^^ ™ s - be achieved mrough 

Sa^-sen^ 

systemfunctionofsomeoftheprote.ns encoded by^ b a cognation of two or 

may be enhanced for some purposes. Also, the adenovirus nude c acid may be , a *™ * m 
more of the specific alterations of the adenovirus nuc.ec ^r^^^^SS^ to produce the 
are deleted from the adenovirus nucieic acid, the ge ^.T* ^SjS^^adeno^ nudeic acid may 
adenovirus nucleic acid, the adenovirus vector, the vehicle or ta dmm capsKT J ne adenovirus 
also be modified such that the capacity of a host immune ^^^^7^3^ mentioned above, 
proteins encoded by said adenovirus nucleic acid has been red ced or hereof, from 

for instance through exchanging capsid proteins, or ^™ n *^'*^< a S'es. An o,her example of this 
other serotypes for which humans do not have or have low ^^JECE^ fr ° m ° ther ser0typ6S - 

£Sf ^ capab.e of, or have a .ow capacity of raising a.terations mentioned 

l0 029] An adenovirus nudeic acid may be f^^J^^^^!!^ * »~ P e " ton ' 
above by inactivating or deleting genes encoding adenovirus late proteins 

r/Xd — -t of the invention a., genes encoding adenovirus proteins are deleted from said adenovirus 

nucleic acid, turning said nucleic acid into a minima, ^^27ru S V nudeic acid is an Ad/AAV chimaeric vector, wherein 
In another preferred embodiment of the .nventon s^adenov^mjde«acrf«^A^ ^ 
at least the integration means of an adeno-assoaated ™s (AAV) a i.«q» ate d into s ^ 
In a preferred embodiment of the invention, a vector or a ^^^V^J^, one of said n0 n-adenovirus 

b^^effl^S" W I— ,a« 

1a (HIF-lo). a PAH or a smooth muscle cell «**5^*£!^ a aene delivery vehicle provided with at least a 
i in another asped. the invention provides a cell ^ f ^^^^Z Mention provides a cel. for the 
tissue tropism for smooth muscle cells and/or ^^.^S^TSS In another asped. the invention 
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cells and/or endothelial cells and deprived of at least a tissue tropism for liver cells. In a preferred embodiment of the 
invention said cell is an adenovirus packaging cell, wherein an adenovirus nucleic acid is packaged into an adenovirus 
capsid. In one aspect of an adenovirus packaging cell of the invention all proteins required for the replication and 
packaging of an adenovirus nucleic acid, except for the proteins encoded by early region 1, are provided by genes 

5 incorporated in said adenovirus nucleic acid. The early region 1 encoded proteins in this aspect of the invention may 
be encoded by genes incorporated into the cells genomic DNA. In a preferred embodiment of the invention said cell 
is PER.C6 (ECACC deposit number 96022940). In general, when gene products required for the replication and pack- 
aging of adenovirus nucleic acid into adenovirus capsid are not provided by a adenovirus nucleic acid, they are provided 
by the packaging cell, either by transient transfection, or through stable transformation of said packaging cell. However, 

10 a gene product provided by the packaging cell may also be provided by a gene present on said adenovirus nucleic 
acid. For instance fiber protein may be provided by the packaging cell, for instance through transient transfection, and 
may be encoded by the adenovirus nucleic acid. This feature can among others be used to generate adenovirus capsids 
comprising of fiber proteins from two different viruses. 

The gene delivery vehicles of the invention are useful for the treatment cardiovascular disease or disease treatable by 
15 nucleic acid delivery to endothelial cells or smooth muscle cells. A non-limiting example of the latter is for instance 
cancer, where the nucleic acid transferred comprises a gene encoding an anti-angiogenesis protein. 
The gene delivery vehicles of the invention may be used as a pharmaceutical for the treatment of said diseases. 
Alternatively, gene delivery vehicles of the invention may be used for the preparation of a medicament for the treatment 
of said diseases. 

20 in one aspect the invention provides an adenovirus capsid with or provided with a tissue tropism for smooth muscle 
cells and/or endothelial cells wherein said capsid preferably comprises proteins from at least two different adenoviruses 
and wherein at least a tissue tropism determining fragment of a fiber protein is derived from a subgroup B adenovirus, 
preferably of adenovirus 1 6. In another aspect the invention provides an adenovirus capsid deprived of a tissue tropism 
for liver cells wherein said capsid preferably comprises proteins from at least two different adenoviruses and wherein 

25 at least a tissue tropism determining fragment of a fiber protein is derived from a subgroup B adenovirus, preferably 
of adenovirus 16. 

In one embodiment the invention comprises the use of an adenovirus capsid, for the delivery of nucleic acid to smooth 
muscle cells and/or endothelial cells. In another embodiment the invention comprises the use of an adenovirus capsid, 
for preventing the delivery of nucleic acid to liver cells. The adenovirus capsids of the invention may be used for the 
30 treatment cardiovascular disease or disease treatable by nucleic acid delivery to endothelial cells or smooth muscle 
cells. Example of the latter is for instance cancer where the nucleic acid transferred comprises a gene encoding an 
anti-angiogenesis protein. 

. The adenovirus capsids of the invention may be used as a pharmaceutical for the treatment of said diseases. 
Alternatively, adenovirus capsids of the invention may be used for the preparation of a medicament for the treatment 
35 of said diseases. 

In another aspect of the invention is provided construct pBr/Ad.BamRAFib, comprising adenovirus 5 sequences 
21562-31094 and 32794-35938. 

In another aspect of the invention is provided construct pBr/AdBamRfibl6, comprising adenovirus 5 sequences 
21562-31094 and 32794-35938, further comprising an adenovirus 16 gene encoding fiber protein. 
40 in yet another aspect of the invention is provided construct pBr/AdBamR.pac/fib!6, comprising adenovirus 5 sequences 
21562-31094 and 32794-35938, further comprising an adenovirus 16 gene encoding fiber protein, and further com- 
prising a unique Pacl-site in the proximity of the adenovirus 5 right terminal repeat, in the non-adenovirus sequence 
backbone of said construct. 

In another aspect of the invention is provided construct pWE/Ad.AflllrlTRfibl6 comprising Ad5 sequence 3534-31094 

45 and 32794-35938, further comprising an adenovirus 16 gene encoding fiber protein. 

In another aspect of the invention is provided construct pWE/Ad.Af)IlrlTRDE2Afib1 6 comprising Ad5 sequences 
3534-22443 and 24033-31094 and 32794-35938, further comprising an adenovirus 16 gene encoding fiber protein. 
In the numbering of the sequences mentioned above, the number is depicted until and not until plus. 
[0030] In a preferred embodiment of the invention said constructs are used for the generation of a gene delivery 

50 vehicle or an adenovirus capsid with a tissue tropism for smooth muscle cells and/or endothelial cells. 

In another aspect the invention provides a library of adenovirus vectors, or gene delivery vehicles which may be one 
and the same or not, comprising a large selection of non-adenovirus nucleic acids. In another aspect of the invention, 
adenovirus genes encoding capsid proteins are used to generate a library of adenovirus capsids comprising of proteins 
derived from at least two different adenoviruses, said adenoviruses preferably being derived from two different sero- 

55 . types, wherein preferably one serotype is an adenovirus of subgroup B. In a particularly preferred embodiment of the 
invention a library of adenovirus capsids is generated comprising proteins from at least two different adenoviruses and 
wherein at least a tissue tropism determining fragment of fiber protein is derived from an adenovirus of subgroup B, 
preferably of adenovirus 16. 



11 



EP 1 020 529 A2 

tOOai] following the invention is illustrated by a number of non-limiting exampies. 
EXAMPLES 

P» m p . e 1 : Generation »f sH.novirus serot ype 5 b a sed viruses with chimaeric fiber proteins 

feneration of adenovirus template clo nes lacking DNA encoding for fiber 

I0 033] The fiber coding sequence of adenovirus serotype 5 is located ^J^^S^i 
emove the adenovirus serotype 5 DNA encoding fiber we started ^^JJJ^SS pSd DNA was 
deposit P97082122). From this construct first a Nde. , e was , [^^^^^^ was then re- 
digested with Ndel after which protruding ends ^SS^^S^S^^ w * s d * ested ^ SC3 ' 
ligated. digested with Ndel and transformed into E. cob DH5a The obta J derjve(J frofn pBr/ 

and Sail and the resulting 3198 bp vector fragment was gated to the 15349 bpi ^ Next pcR was 
AdBamrlTR resting and a Nsi. re- 

performed with oligonucleotides NY-up and ny aown ^r.gu , * Amolification consisted of 25 cycles of 
Lotion site were introduced to faciKta* pmo. of o.igonucleotides 
each 45 sec. at 94°C, 1 mm. at 60°C, and 45 sec. at 72 U ne r on polymerase (Gibco, 

NY-up or NY-down, 2mM dNTP, PCR buffer with 1 .5 mM MgCI 2 , and 1 L tne expected 

The Netherlands). One-tenth of the PCR product was run on * n f 9^ kit system. 

DNA fragment of ± 2200 bp was amplified. This PCR fragment "^^^^S^d^-W with restriction 
(Bio101 |nc.)Then,boththeconstruct P Br/Ad.Bam-rlTRANde ' "^^^.^^Sto the Ndel and Sbfl 
enzymes Ndel and Sbfl. The PCR fragment was subsequently cloned using T4 l.gase enzyme 
sites thus generating pBr/Ad.BamRAFib (Figure 3). 

Amplification of fiber sequences from aden ovirus serol 

,0034, To enable amplification of the DNAs encoding fiber protein ^^J^^ e ^ZZ 
oligonucleotides were synthesized. For this purpose, fegion of the fiber 

tive serotypes were aligned to identify conserved reg.ons in I bo* the toil region a representing all 6 

protein. From the alignment, which contained the " ucleot ' d ^" C . is the combination of 

subgroups, (degenerate) oligonucleotides ^^^^^^JS^^ amplification reaction (50 
oligonucleotides used to amplify the DNA encoding fiber protein , o £ JJ* ^ p d 1 Unjt Pw0 

,xl) contained 2 mM dNTPs, 25 pmol of each oligonucleotide, nda fj*™*™^™ cy 9 cle 2 s eacn consisting 
heat stable polymerase (Boehringer Mannheim) per nednn. ^J** * vgre y g ' gel to 

of 30 sec. 94»C, 60 sec. 60-64'C. and 120 ^independent PCR reactions were 

demonstrate that a DNA fragment was amplified. Of each different template, iwo .n p 

performed. 

Generation of chimaeric adenoviral DNA constructs 

I0 035, A„ ampfified fiber DNAs as well as the vector (P^^^^^^^^S 
digested DNAs were subsequently run on a agarose gel after which , anQ m sitesof pB rf 

purified using the Geneclean kit (Biol 01 Inc). The I =>C "J^g^^t^S^tS the fiber oV 

of the different fiber genes are shown in Figure 4. 



,0036] To enabie efficient generation of chimaeric viruses an Avr ^^^SS^S^ScZ 
AdBamRFib28, P Br/AdBamRFib40-L constructs was subclone ^J^iSSSS^ S has tie same ad- 
posit #P97082121) replacing the corresponding seque nee nth. TR to be separated from the 
enoviral insert as pBr/Ad.Bam-rlTR but has a Pad site near the rITR that enables m h 
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vector sequences. The construct pWE/Ad.Aflll-Eco was generated as follows. PWE.pac was digested with Clal and 
the 5 prime protruding ends were filled in with Klenow enzyme. The DNA was then digested with Pad and isolate from 
agarose gel. PWE/AflllrlTR was digested with EcoRI and after treatment with Klenow enzyme digested with Pad. The 
large 24 kb. fragment containing the adenoviral sequences was isolated from agarose gel and ligated to the Clal 

5 digested and blunted pWE.Pac vector. Use was made of the ligation express kit from Clontech. After transformation 
of XL10-gold cells from Stratagene, clones were identified that contained the expected construct. PWE/Ad.Alfll-Eco 
contains Ad5 sequences from basepairs 3534-27336. Three constructs, pClipsal-Luc (Figure 5) digested with Sail, 
pWE/Ad.Aflll-Eco digested with Pad and EcoRI and pBr/AdBamR.pac/fibXX digested with BamHI and Pad were trans- 
fected into adenovirus producer cells (PER.C6, Faliaux er a/, 1998). Figure 6 schematically depicts the method and 

10 fragments used to generate the chimaeric viruses. Only pBr/Ad.BamRfibl2 was used without subcloning in the Pad 
containing vector and therefor was not liberated from vector sequences using Pad but was digested with Clal which 
leaves approximately 160 bp of vector sequences attached to the right ITR. Furthermore, the pBr/Ad.BamRfibl2 and 
pBr/Ad.BamRfib28 contain an internal BamHI site in the fiber sequences and were therefor digested with Sail which 
cuts in the vector sequences flanking the BamHI site. For transfection, 2 u.g of pCLIPsal-Luc, and 4 u.g of both pWE/ 

15 Ad.Aflll-Eco and pBr/AdBamR.pac/fibXX were diluted in serum free DMEM to 100 ul total volume. To this DNA sus- 
pension 1 00 uJ 2.5x diluted lipofectamine (Gibco) in serum-free medium was added. After 30 minutes at room temper- 
ature the DNA-lipofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subsequently 
added to a T25 cm 2 tissue culture flask. This flask contained PER.C6 cells that were seeded 24-hours prior to trans- 
fection at a density of 1x1 0 6 cells/flask. Two hours later, the DNA-lipofectamine complex containing medium was diluted 

20 once by the addition of 2.5 ml DMEM supplemented with 20% fetal calf serum. Again 24 hours later the medium was 
replaced by fresh DMEM supplemented with 10% fetal calf serum. Cells were cultured for 6-8 days, subsequently 
harvested, and freeze/thawed 3 times. Cellular debris was removed by centrifugation for 5 minutes at 3000 rpm room 
temperature. Of the supernatant (12.5 ml) 3-5 ml was used to infect again PER.C6 cells (T80 cm 2 tissue culture flasks). 
This re-infection results in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as 

25 described above. 

Production of fiber chimeric adenovirus 

[0037] 10 ml of the above described crude lysate was used to inoculate a 1 liter fermentor which contained 1 - 1 .5 
30 x 10 6 PER.C6 cells/ml growing in suspension. Three days after inoculation, the cells were harvested and pelleted by 
centrifuging for 10 min at 1750 rpm at room temperature. The chimeric adenovirus present in the pelleted cells was 
subsequently extracted and purified using the following downstream processing protocol. The pellet was dissolved in 
50 ml 10 mM NaP0 4 * and frozen at -20°C. After thawing at 37°C, 5.6 ml deoxycholate (5% w/v) was added after which 
the solution was homogenated. The solution was subsequently incubated for 15 minutes at 37°C to completely crack 
35 . the cells. After homogenizing the solution, 1 875 ui (1 M) MgCI 2 " was added and 5 ml 1 00% glycerol. After the addition 
of 375 uJ DNase (10 mg/ ml) the solution was incubated for 30 minutes at 37°C. Cell debris was removed by centrifu- 
gation at 1 880xg for 30 minutes at room temperature without the brake on. The supernatant was subsequently purified 
from proteins by loading on 10 ml of freon. Upon centrifugation for 15 minutes at 2000 rpm without brake at room 
temperature three bands are visible of which the upper band represents the adenovirus. This band was isolated by 
40 pipetting after which it was loaded on a Tris/HCI (1M) buffered caesiumchloride blockgradient (range: 1.2 to 1.4 gr./ 
ml). Upon centrifugation at 21000 rpm for 2.5 hours at 10°C the virus was purified from remaining protein and cell 
debris since the virus, in contrast to the other components, does not migrate into the 1 .4 gr./ ml caesiumchloride solution. 
The virus band is isolated after which a second purification using a Tris/ HCI (1M) buffered continues gradient of 1.33 
gr. /ml of caesiumchloride is performed. After virus loading on top of this gradient the virus is centrifuged for 17 hours 
45 at 55000 rpm at 1 0°C. Subsequently the virus band is isolated and after the addition of 30 uJ of sucrose (50 w/v) excess 
caesiumchloride is removed by three rounds of dialysis, each round comprising of 1 hour. For dialysis the virus is 
transferred to dialysis slides (Slide-a-lizer, cut off 1 0000 kDa, Pierce, USA). The buffers used for dialysis are PBS which 
are supplemented with an increasing concentration of sucrose (round 1 to 3: 30 ml, 60 ml, and 150 mi sucrose (50% 
w/v)/ 1.5 liter PBS, ail supplemented with 7.5 ml 2% (w/v) CaMgCI 2 ). After dialysis, the virus is removed from the slide- 
so a-lizer after which it is aliquoted in portions of 25 and 1 00 u.I upon which the virus is stored at -85°C. To determine the 
number of virusparticies per ml, 50 \i\ of the virus batch is run on an high pressure liquid chromatograph (HPLC) as 
described by Shamram et al (1997). The virus titers were found to be in the same range as the Ad5.Luc virus batch 
(Ad5.Luc: 2.2 x 10 11 vp/ ml; Ad5.LucFib12: 1.3 x 10 11 vp/ ml; Ad5.LucFib16: 3.1 x 10 12 vp/ ml; Ad5.LucFib28: 5.4 x 
10 10 vp/ ml; Ad5.LucFib40-L: 1.6 x 10 12 vp/ ml). 

55 

Example 2: biodistribution of chimeric viruses after intravenous tail vein injection of rats. 

[0038] To investigate the biodistribution of the chimeric adenoviruses carrying fiber 12, 16, 28, or 40-2, 1x10 10 par- 
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^■1 . j;„i m i pr<? after which the virus was injected in the tail vein 
tides of each of the generated virusbatches was diluted ir 1 ml P ^ a ™ r JT^^ ^ J as use d. Forty^ight 
of adult male Wag/Rij rats (3 rats/ virus). As a control. M-m fESEE^SE^. kidney, heart, and 
hours after the administration of the virus, the rats were sacrificed after which fee ■** £P » . 9 pBS 
brain were dissected. These organs were subsequently mixed w*1 ^EESStL for the presence of 
minc edfor^^^^ 

to have a fiber that can bind CAR (Roelvink et al 1998). 

Examp.e 3: Chimeric viruses disp.ay differences in endothe.ia. and smooth muscle cel. transduction 

A) Infection of Human endothelial cells 

[0 039] Human endothelial cells (HUVEC) were isolate <■ «*^^ 

it a. 1973; Wijnberg et a, 1997). Briefly, cells were ^^^S^ ™ ™ 

mM HEPES. pH 7.3 (Flow Labs., Irvine ,1 ScoHand) 10 /» W serum ( ^ ^ 

vated newborn calf serum (NBCS) (GIBCO BRL. ^^ b "^^3^ (100 ,u/ miystreptomycin (100 ug/ 

5 U/ ml heparin (Leo Pharmaceutics Products Weesp, T a Nethe $^&™J^ Cells used for 

ml) (Boehringer Mannheim, Mannheim FRG) at 37 C under 5 A£W 2 ^ ^ from 4 different 

experiments were between passage 1-3. In a first set ot ex P enme " ls • . Twentv . four hours after seeding, 

ind^wereseeded™ 

the cells were washed with PBS after wh ch 200 p of PMtM pp ^ uged were 

medium contained various amounts of virus (MOI - X. ^J^^JJ^ n triplicate) . Two hours after addition 
besides the control Ad5, the fiber chimeras 12, 16, 28 and 40 L ^eacn jmec M sed 

of the virus the medium was replaced by normal medium. Agamjor^igh ^JJ^Blon per microgram total 
by the addition of 1 00 pi lysisbuffer. In figure 7a. results are i showrr on he tons ene expres p 
pLein after infection of HUVEC cells. These -suits show ^^^^'^ 16 infects HUVECs 
cells, that 40-L infects HUVECs with similar <^»£^J?^EZp*« with the AdS.Luc vector on 
significantiy better, in a next set of experiments (n 'Q%^*«^E™« each virus. These experiments 
HUVEC for luciferase activity after transduction ^fflOOwut *E££m (SD ± 4.6) as compared with Ad5. 
demonstrated that fiber 16 yields, on average. 8.1 fold m ^^ES^!Xa plates that contained different 
,n a next experiment, an equal number of virus particles was ; added to wens of24 *eHp 

HUVEC cell concentrations. This experiment was performed since it is hnwnM de(J at 22500i 

"1 adenovirus serotype 5 when these cells ^^o^Ze^s^^ 
45000, 90000, and 135000 cells perwei o 24-we I pM. used were, besides the control ade- 
as described above with medium containing 4.5 x 108 microgram protein deter- 

novirus serotype 5. the chimera fiber 1 6. The resul aiso better suited to infect 

mined 48 hours after infection (see figure 7b) shows that the viv0 situation . since the Luciferase 

HUVEC cells even when these cells are 1 00% confluent which I better « «san* wvo s.tua ^ ^ 

marKergene does not provide information = g •^^JJJS^ P"5* (GFP) as a marker 
with adenovirus serotype 5 and the fiber 16 <* ,mer % b °™^ 

gene. This protein expression can be detected a flow gt . concentrat ion of 40000 

of cells transduced as well as fluorescence per celU ^ "^S^SS GFP (8 4x10" vp/ml)and Ad5.Fib16.GFP 
cells per well and were exposed to virus for 2 hours. The ""^^^^J per ce „. Flow cytometric analysis, 

better suited to infect human primary endothelial cells as compared to Ad5. 
5 B) Infection of human smooth muscle cells 
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chemical Corp., Freehold, NJ, USA). After 45 minutes the incubation medium containing detached cells was flushed 
from the veins. Cells were washed and cultured on gelatin coated dishes in culture medium supplemented with 10% 
fetal calf serum and 10% human serum at 37°C under 5% (v/v) C0 2 / 95% (v/v) air atmosphere. Cells used for exper- 
iments were between passage 3-6. We first tested the panel of chimeric fiber viruses versus the control adenovirus 
serotype s for the infection of human smooth muscle cells. For this purpose, 40000 human umbilical vein smooth 
muscle cells (HUVsmc) were seeded in wells of 24-well plates in a total volume of 200 uJ. Twenty-four hours after 
seeding, the cells were washed with PBS after which 200 u.l of DMEM supplemented with 2% FCS was added to the 
cells. This medium contained various amounts of virus (MOI = 50, 250, 1250, 2500, and 5000). The viruses used were 
besides the control Ad5 the fiber chimeras 12, 16, 28, and 40-L (each infection in triplicate). Two hours after addition 
of the virus the medium was replaced by normal medium. Again forty-eight hours later cells were washed and lysed 
by the addition of 100 u.l lysisbuffer. In figure 8a, results are shown of the transgene expression per microgram total 
protein after infection of HUVsmc cells. These results show that fiber chimeras 12 and 28 are unable to infect HUVsmc 
cells, that 40-L infects HUVsmc with similar efficiency as the control Ad5 virus, and that fiber chimera 1 6 infects HUVsmc 
significantly better. In a next set of experiments, smooth muscle cells derived from saphenous vene, arteria lliaca, left 
interior mammory artery (LIMA) and aorta were tested for infection with the fiber 16 chimera and Ad5 (both carrying 
luciferase as a marker gene). These experiments (n = 11 ) demonstrated that, on average, the fiber 16 chimera yielded 
61.4 fold increased levels in luciferase activity (SD ± 54.8) as compared to Ad5. The high standard deviation (SD) is 
obtained due to the finding that the adenoviruses used vary in their efficiency of infection of SMC derived from different 
human vessels. In a next experiment, an equal number of virus particles was added to wells of 24-well plates that 
contained different HUVsmc cell concentrations confluency. For this purpose, HUVsmc were seeded at 10000, 20000, 
40000, 60000, and 80000 cells per well of 24-well plates (in triplicate). Twenty-four hours later these cells were infected 
as described above with medium containing 2 x 10 8 virusparticles. The viruses used were, besides the control aden- 
ovirus serotype 5, the chimera fiber 1 6. The result of the transgene expression (RLU) per microgram protein determined 
48 hours after infection (see figure 8b) shows that the fiber 16 chimeric adenovirus is better suited to infect smooth 
muscle cells even when these cells are 100% confluent which better mimics an in vivo situation. To identify the number 
of SMCs transduced with the fiber 16 chimera and Ad5, we performed transduction experiments with Ad5.GFP and 
Ad5Fib1 6.GFP (identical batches as used for EC infections). Human umbilical vein SMC were seeded at a concentration 
of 60000 cells per well in 24-well plates and exposed for 2 hours to 500 or 5000 virus particles per cell of Ad5.GFP or 
Ad5Fib16.GFP. Forty-eight hours after exposure cells were harvested and analyzed using a flow cytometer. The results 
obtained show that the fiber 16 mutant yields approximately 10 fold higher transduction of SMC since the GFP expres- 
sion measured after transduction with 5000 virus particles of Ad5.GFP is equal to GFP expression after transduction 
with 500 virus particles per cell of the fiber 16 chimera (Figure 8c). 

C) Subgroup B fiber mutants other than fiber 16 

[0041] The shaft and knob of fiber 16 are derived from adenovirus serotype 16 which, as described earlier, belongs 
to subgroup B. Based on hemagglutination assays, DNA restriction patterns, and neutralization assays the subgroup 
B viruses have been further subdivided into subgroup B1 and B2 (Wadell et al 1984). Subgroup B1 members include 
serotypes 3, 7, 16, 21, and 51. Subgroup B2 members include 11, 14, 34, and 35. To test whether the increased 
infection of smooth muscle cells is a trade of all fibers derived from subgroup B or specific for one or more subgroup 
B fiber molecules, we compared fiber 16 and fiber 51 (both subgroup B1) with fiber 11 and fiber 35 (both subgroup 
B2). For this purpose HUVsmc were infected with increasing amounts of virus particles per cell (156, 312, 625, 1250, 
2500, 5000). The fiber mutant all carry the Luciferase marker gene (Ad5Fib11 .Luc: 1 .1 x 10 12 vp/ml; Ad5Fib35Luc: 1 .4 
x 10 12 vp/ml ; Ad5Fib51Luc: 1.0 x 10 12 vp/ml). Based on the Luciferase activity measured and shown in Figure 8d, 
efficient infection of SMC is not a general trade of all subgroup B fiber molecules. Clearly fiber 16 an fiber 11 are better 
suited for infection of SMC than fiber 35 and fiber 51. Nevertheless, all subgroup B fiber mutants tested infect SMC 
better as compared to Ad5. 

D) Organ culture experiments 

[0042] We next identified whether the observed difference in transduction of EC and SMC using the fiber 1 6 chimera 
or the Ad5 can also be demonstrated in organ culture experiments. Hereto, We focused on the following tissues: 

1) Human Saphenous vein: the vein used in approximately 80% of all clinical vein grafting procedures 

2) Human pericard/ epicard: for delivery of recombinant adenoviruses to the pericardial fluid which after infection 
of the percardial or epicardial cells produce the protein of interest from the transgene carried by the adenovirus. 

3) Human coronary arteries: for percutaneous transluminal coronary angioplasty (PTCA) to prevent restenosis. Of 
the coronary arteries we focused on the Left artery descending (LAD) en right coronary artery (RCA). 
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Parts of a human saphenous vein ,ft over after vein graft su = e jSTSilS 
These pieces (n=3) were subsequently cultured for 2 hours in 200 ml of 5 x10 wus pa h ^ 
virus exposure the pieces were washed with PBS and ^^^^^^^ AdS.LacZ (2.2 x 
The pieces were then washed f 2 ^oKJS an TZ'oTchimera: Ad5Fib51.LacZ (2.1 x 

racZ^nsgenrex^o; obtained after 2 hours of ^^^^Z S^K'^i- - 
the fiber 51 chimeric viruses give higher infection since sta.n.n MS : » ^ ^ ^ 

compared to Ad5.La^ ( ngure8e). Identical e = m^ 

pericard and the human coronary artenes: RCA and LAD. "^^"""^J^rt,,, of the fiber 16 and 51 mutants as 
together with the experiments performed on pnmary cells confirmed the supenonty 
compared to Ad5 in infecting human cardiovascular tissues. 

E) CAR and integrin expression on human EC and SMC 
,0043, Prom the above described results it is dear 

6 is well suited to infect endothelial cells and smooth musde cell J^s, by chang ng P ^ ^ g 

we are able to increase infection of cells that ^^J^^UM compared to smooth musde cells. This 
a.though significant on both cel. types, is less sinking I «^loM "^Jj^^ ^5 integrins than HUVEC 
may reflect differences in receptor expression. For example 'J™*^™^ of T he receptor of fiber 16. 
(see below). Alternatively, this difference may be due JdJ«nc- « «PJ£ ^ 
Ad5.LucFibl6 infects umbilical vein smooth muscle ce ^ a PP r ^^^ t e d ° ha n smooth muscle cells. To test whether 
cells whereas in case of AdS.Luc viruses "^^^ j^^STl CAR and <vintegrins was assayed 
Ad5 infection correlated with receptor ^^^^mSZSlm^ once with PBS/ 0.5% BSA after 
on a flow cytometer. For this purpose 1x105 H UVEC temperature. Subsequently, 10 pi of 

which the cells were pelleted by centrifugation for 5 minutes a » J 5 ° Netherlands), a 100 times diluted 

a 100 times diluted O.B3 antibody (Mab 1 961 , Brunswick ^^TtoMs) or 2000 times diluted CAR 
antibody O.B5 (antibody (Mab 1976, 

antibody was a kind gift of Dr. Berge.son, Harvard Med ^ n °°'^^^^ Afte this incubation, cells were 

after which the cells were incubated for 30 rmnutes at 4 C ma. ^TJJ^, gt 1750 ^ room temperature, 
washed twice with PBS/0.5% BSA and ^f^^^S^T^ •**» * the cel. pellet upon 

difficult to transduce with an adenovirus which enters the cells via the CAR receptor. 
F) Infection of human A549 cells 

,0044, As a control for the experiments performed '"J^ 

Infected to establish whether an equal amount o ^^°^X^«us. This is to investigate whether 
differences in transgene express.on on cell ^J^^^^S mu8dto cells are cell type specific. For this 
the observed differences in infection efficiency on endothelia and smootn mu ^ ^ 

purpose. 105 A549 cells were seeded in 24-we.l plates ™^^f£]£^Tn. or 40-L (MOI = 0. 5. 10. 
fepTaced by medium containing different amounts PBS after which the ce.ls 

25 100. 500). Twenty-four hours after the addition cf- mm .ft. ^^^SSLvM^ transgene expression 
were lysed by the addition of 100 pi lysisbuffer to each ^^"J^ ~^ n ^ e | ucifera se adivity per pg protein 

not to the amount of virus or the quality of the viruses used. 
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Table I 



Serotype 

4 

8 
9 

12 

16 

19p 

28 

32 

36 

37 

40-1 

40- 2 

41- s 
41-1 
49 
50 
51 



Tail oligonucleotide 

A 

B 
B 
E 
C 
B 
B 
B 
B 
B 
D 
D 
D 
D 
B 
B 
C 



Knob oligonucleotide 

2 
2 
3 
4 
2 
2 
2 
2 
2 
5 
6 
5 
7 
2 
2 
8 



A 


: 5' 




CCC 


GTG 


TAT 


CCA 


TAT 


GAT 


GCA 


GAC 


AAC 


GAC 


CGA CC- 3' 


B 


: 5' 




CCC 


GTC 


TAC 


CCA 


TAT 


GGC 


TAC 


GCG 


CGG 


- 3' 




C 


! 5' 




CCK 


GTS 


TAC 


CCA 


TAT 


GAA 


GAT 


GAA 


AGC- 


- 3' 




D 


: 5' 




CCC 


GTC 


TAC 


CCA 


TAT 


GAC 


ACC 


TYC 


TCA 


ACT 


C- 3' ■ 


E. 


; 5' 




CCC 


GTT 


TAC 


CCA 


TAT 


GAC 


CCA 


TTT 


GAC 


ACA 


TCA GAC- 3' 


1: 


5' 




CCG 


ATG 


CAT 


TTA 


TTG 


TTG 


GGC 


TAT 


ATA 


GGA 


- 3' 


2 : 


: 5' 




CCG 


AT6 


CAT 


TYA 


TTC 


TTG 


GGC 


RAT 


ATA 


GGA 


-3* 


3: 


5' 




CCG 


ATG 


CAT 


TTA 


TTC 


TTG 


GGR 


AAT 


GTA 


WGA 


AAA GGA - 3' 


4: 


5' 




CCG 


ATG 


CAT 


TCA 


GTC 


ATC 


TTC 


TCT 


GAT 


ATA 


- 3' 


5: 


5' 




CCG 


ATG 


CAT 


TTA 


TTG 


TTC 


AGT 


TAT 


GTA 


GCA 


- 3' 


6: 


5' 




GCC 


ATG 


CAT 


TTA 


TTG 


TTC 


TGT 


TAC 


ATA 


AGA 


- 3' 


7: 


5' 




- CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC 


! ATA AGA A - 


8 : 


5' 




CCG 


ATG 


CAT 


TCA 


GTC 


ATC 


YTC 


TWT 


AAT 


ATA 


- 3' 



Table II 



Organ 


Control Ad5 


Fib 12 


Fib 16 


Fib 28 


Fib40-L 


Liver 


740045 


458 


8844 


419 


2033 


Spleen 


105432 


931 


3442 


592 


16107 


Lung 


428 


315 


334 


316 


424 


Kidney 


254 


142 


190 


209 


224 


Heart 


474 


473 


276 


304 


302 


Brain 


291 


318 


294 


323 


257 



Table III 



Cell line 




Ovp5 


CAR 


HUVEC 70% 


98.3% 


1 8.9% 


18.1% 


HUVEC 100% 


97.2% 


10.5% 


7.2% 


HUVsmc 70% 


95.5% 


76.6% 


0.3% 


HUVsmc100% 


92.2% 


66.5% 


0.3% 
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Table III (continued) 
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Annex to the description 
[0099] 

SEQUENCE LISTING 

<110> Introgene B.V. 

<120> Gene delivery vectors provided with a tissue tropism 
for smooth muscle cells, and/or endothelial cells 

<130> P21833EP01 

<140> EP 99203878.6 
<141> 1999-11-19 

15 <150> EP 98203921.6 

<151> 1998-11-20 

<160> 24 

<170> Patentln Ver. 2.1 

20 <210> 1 

<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

25 <223> Description of Artificial Sequence: primer 

<220> 

<223> /note«"Tail nucleotide A" 



30 



35 



<400> 1 

cccgtgtatc catatgatgc agacaacgac cgacc 35 

<210> 2 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> /note="Tail nucleotide B" 

40 <400> 2 

cccgtctacc catatggcta cgcgcgg 27 

* 

<210> 3 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer . 
<220> 

50 <223> /note= M Tail nucleotide C" 

<400> 3 

cckgtstacc catatgaaga tgaaagc 27 



45 



55 



<210> 4 
<211> 31 
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<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer 

<220> . . 

<223> /note= n Tail nucleotide D 

<400> 4 

cccgtctacc catatgacac ctyctcaact c 



<210> 5 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer 

<220> . .,„ 

<223> /note= rt Tail nucleotide £ 

<400> 5 

cccgtttacc catatgaccc atttgacaca tcagac 



<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer 

<220> , . , -„ 

<223> /note« fl Knob nucleotide l 

<400> 6 

ccgatgcatt tattgttggg ctatatagga - 



<210> 7 
<2U> 30 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer 

<220> , s o« 

<223> /note«"Knob nucleotide Z 

<400> 7 

ccgatgcatt yattcttggg cratatagga 



<210> 8 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer 
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<220> 

<223> /note= M Knob nucleotide 3" 
<400> 8 

ccgatgcatt tattcttggg raatgtawga aaagga 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> /note= M Knob nucleotide 4 H 
<400> 9 

ccgatgcatt cagtcatctt ctctgatata 

<210> 10 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> /note="Knob nucleotide 5" 
<400> 10 

ccgatgcatt tattgttcag ttatgtagca 



<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :. primer 
<220> 

<223> /note*= M Knob nucleotide 6" 
<400> 11 

gccatgcatt tattgttctg ttacataaga 

<210> 12 
<211> 37 
<212> DNA 

<213>' Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<220> 

<223> /note*= w Knob nucleotide 7" 
<400> 12 

ccgttaatta agcccttatt gttctgttac ataagaa 
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<210> 13 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: primer 
<220> 

<223> /note="Knob nucleotide 8" 

<400> 13 30 
ccgatgcatt cagtcatcyt ctwtaatata 



<210> 14 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer NY-UP 

<400> 14 42 
cgacatatgt agatgcatta gtrtgtgtta tgtttcaacg tg 

<210> 15 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: primer NY- DOWN 

<400> 15 19 
ggagaccact gccatgttg 



<210> 16 

<211> 1746 

<212> DNA 

<213> Adenoviridae 

<220> 

<223> /note="Ad5 chimeric fiber 



SB =SS JSSSS ==S ISE S! 
nfc S2SS 2=SK SSSK S £ r = «o 

calaatgtaa ccactgtgag cccacctctc -aaaaacca agtcaaacat "*«tgg.» 30 
atatctgcac ccctcacagt tacctcagaa gccctaactg twctgccgc cgc»« 420 
ataqtcgcgg gcaacacact caccatgcaa tcacaggccc cgctaaccgt gcacgactcc 4ZU 
2S3S ?tgccaccca aggacccctc acagtgtcag aaggaaagct agccctg^a 480 
acatcaggcc ccctcaccac caccgatagc agtaccctta cwcwu y 6Q0 
ctaactactg ccactggtag cttgggcatt «-«tg»a, ^cccattta - JJO 

ggaaaactag gactaaagta eggggctcct "gcatgtaa «gacga ^ ^ 

accgtagcaa ctggtccagg tgtgactatt "taatactt c"tgc * 780 

SESSa 22K5 ssss « S! 

S2SS 2SSS SS5S f£ » 2 a- -gAj .» 

gttaacctaa gcactgccaa ggggttgatg tttgacgcta cagccatagc catcaatg 
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1020 

ggagatgggc ttgaatttgg ttcacctaat gcaccaaaca caaatcccct caaaacaaaa 
1080 

attggccatg gcctagaatt tgattcaaac aaggctatgg ttcctaaact aggaactggc 
1140 

ctcagttttg acagcacagg tgccattaca gtaggaaaca aaaataatga taagctaact 
1200 

ttgtggacca caccagctcc atctcctaac tgtagactaa atgcagagaa agatgctaaa 
1260 " . 

ctcactttgg tcttaacaaa atgtggcagt caaatacttg ctacagtttc agttttggct 
1 2 

gttaaaggca gtttggctcc aatatctgga acagttcaaa gtgctcatct tattataaga 
1380 

tttgacgaaa atggagtgct actaaacaat tccttcctgg acccagaata ttggaacttt 
1440 

agaaatggag atcttactga aggcacagcc tatacaaacg ctgttggatt tatgcctaac 
1500 

ctatcagctt atccaaaatc tcacggtaaa actgccaaaa gtaacattgt cagtcaagtt 
1560 

tacttaaacg gagacaaaac taaacctgta acactaacca ttacactaaa cggtacacag 
1620 

gaaacaggag acacaactcc aagtgcatac tctatgtcat tttcatggga ctggtctggc 
1680 

cacaactaca ttaatgaaat atttgccaca tcctctnaca ctttttcata cattgcccaa 

1740 

gaataa 

1746 



<210> 17 
<211> 1752 
<212> DNA 

<213> Adenoviridae 

> 

<220> 

<223> /note«"Ad5/fibl2 chimeric fiber" 
<400> 17 

atgaagcgcg. caagaccgtc tgaagatacc ttcaaccccg tgtatccata tgacccattt 60 
gacacatcag acgtaccctt tgttacaccc ccttttactt cttccaatgg tcttcaagaa 120 
aaaccaccag gtgtattagc acttaattac aaagacccca ttgtaactga aaatggaacc 180 
cttacactca agctagggga cggaataaaa cttaatgccc aaggtcaact tacagctagt 240 
aataatatca atgttttgga gccccttacc aacacctcac aaggtcttaa actttcttgg 300 
agcgcccccc tagcagtaaa ggctagtgcc ctcacactta acacaagagc gcccttaacc 360 
acaacggatg aaagcttagc cttaataacc gcccctccca ttacagtaga gtcttcgcgt 420 
ttgggcttgg ccaccatagc ccctctaagc ttagatggag gtggaaacct aggtttaaat 480 
ctttctgctc ccctggacgt tagtaacaac aatttgcatc tcaccactga aactccctta 540 
gttgtaaatt ctagcggtgc cctatctgtt gctactgcag accccataag tgttcgcaac 600 
aacgctctta ccctacctac ggcagatccg ttaatggtga gctccgatgg gttgggaata 660 
agtgtcacta gtcccattac agtaataaac ggttccttag ccttgtctac aactgctccc 720 
ctcaacagca caggatccac tttaagcctg tctgttgcca atcctctgac tatttcacaa 780 
gacacattga ctgtttccac tggtaacggt cttcaagtgt cggggtctca attagtaaca 840 
agaatagggg atggtttaac attcgataat ggggtcatga aagtaaacgt tgccggggga 900 
atgagaactt ctggcggtag aataatttta gatgttaatt atccctttga tgcgagcaat 960 
aacctgtcct taagacgggg attgggacta atttataacc aatctacaaa ctggaactta 
1020 . . 

acaactgata ttagtaccga aaaaggttta atgtttagtg gcaatcaaat agctcttaat 
1080 

gcaggtcagg ggcttacatt taataatggc caacttaggg ttaagttggg agctggactt 
1140 

atttttgatt caaacaataa cattgcctta ggcagcagca gcaacactcc atacgaccct 
1200 

ctgacactgt ggacaactcc tgacccacca ccaaactgca gcctcataca agagctaqat 

1260 * " 

gcaaaactca ccctgtgctt aacaaaaaac ggatctattg ttaatggcat tgtaagttta 
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gtgggtgtta agggtaatct cctaaatatc 
1380 

ttagtgtttg atgaacaggg aagattaatc 
1440 

gcttcgtggg gatatagaca aggccaatca 
1500 

ggttttatgc ctaatgtgag tgcttaccct 
1560 

atggtaagtc tcacgtactt acagggagat 
1620 

tttaatggca ttacgtcgct aaatggatac 
1680 

aactatataa atcagccttt ctctacacca 
1740 

taaatgcatt ag 
1752 



caaagtacta ctaccactgt aggagtgcat 
acatcaaccc ctactgccct ggttccccaa 
gtgtctacca atactgttac caatggtcta 
agaccaaatg ccagtgaggc taaaagccaa 
acatctaaac ctataacaat gaaagttgca 
tctttaacat tcatgrggtc aggtctatca 
tcctgctcct tntcttacat tgcccaagaa 



<210> 18 

<211> 1071 

<212> DNA 

<213> Adenoviridae 

<220> . ... , 

<223> /note«"Ad5/fibl6 chimeric fiber 

<400> 18 



™ S3 3SSS SS5SS 2SSS Sj 
£=52 SSS5 5» SSSSS SSSS S 
SUSS 3=35 SS=S 5KS SS53SS S g 25 

SSS s.ct.tgHt .tcgetgm* nWjJW "*"""! '!S£S? JIS 

t,"ccL.c unoW ccttMWt SSStSE 5<0 

Jraccttat aaacaggcgc aaaaccaagc gccaactgtg taattaaaga gggayaoy 
"cccagact g?aagc?cL tttagttcta gtgaagaatg gaggactgat ^tggatac "0 
ataaca??aa ? g ggagcctc agaatatact aacaccttgt tt.»«e» tcaagttaca 660 
atcaatgtaa acctcgcatt tgataatact ggccaaatta ttacttacct atcatccctt « 
faafgtfacc tgaac?ttaa agacaaccaa aacatggcta ctggajccjt -ccjgce 780 

Sfgatt afatttatgg SSSE tctctt.cca 900 

cStta ctgtcaca^t aaaca'gacgt atgttagctt ctgg«tggc ctrtgcwg 960 
aatttttcat ggtctctaaa tgcagaggaa gccccggaaa ctaccgaagt cactctcatr 

acctccccct tctttttttc ttatatcaga gaagatgact gaatgcatta g 
1071 



<210> 19 

<211> HOI 

<212> DNA 

<213> Adenoviridae 

<220> 

<223> /note="Ad5/fib28 
<400> 19 

atgttgttgc agatgaagcg 
tatggctacg cgcggaatca 
ggattccaaa acttcccacc 
gctaatgcgg atgtctcact 
aacttaactg tgaaccctaa 
tatgattctc catttgatgt 
gcagttgtaa cgaaagacaa 
actggcaaag gcattggcac 



chimeric fiber" 



cgcaagaccg tctgaagata 
gaatatcccc ttcctcactc 
tggggtcctg tcactcaaac 
caagttggga ggcggactga 
ggctcccttg caagttgcaa 
taaaaacaat atgcttactc 
tactgattta caaccactaa 
tggcacaagt gctcacggtg 



ccttcaaccc cgtgtatcca 60 
ccccctttgt ttcttccgat 120 
tggctgaccc aatcaccatc 180 
cggtggaaaa agagtctgga 240 
gtggacaatt ggaattagca 300 
ttaaagcagg tcacggctta 360 
tgggcacact tgttgtttta 420 
gaaccataga tgtgagaata 480 
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ggaaaaaacg gaagtctggc atttgacaaa aatggagatt tggtggcctg ggataaagaa 540 

aatgacaggc gcactctatg gacaactcca gacacatctc caaattgcaa aatgagtgaa 600 

gtcaaagact caaagcttac tcttattctt acaaaatgcg gaagtcaaat tctaggaagt 660 

gtatctttgc ttgctgtaaa aggagaatat caaaatatga ctgccagtac taataagaat 720 

gtaaaaataa cactgctatt tgatgctaat ggagtcttgt tagaaggatc cagtcttgat 780 

aaagagtact ggaactttag aaacaatgat tctactgtgt ctggaaaata tgaaaatgct 840 

gttccgttca tgcctaacat aacagcttat aaacccgtca attctaaaag ctatgccaga 900 

agtcacatat ttggaaatgt atatattgct gctaagccat ataatccagt ggttattaaa 960 

attagcttca atcaagagac acaaaacaat tgtgtctatt ctatatcatt tgactacact 
1020 

tgctctaaag agtatacagg tatgcaattc gatgttacat ctttcacctt ctcctatatc 
1080 

gcccaagaat gaatgcatta g 
1101 



<210> 20 
<211> 1668 
<212> DNA 

<213> Adenoviridae 
<220> 

<223> /note="Ad5/fib40-L chimeric fiber" 
<4Q0> 20 

atgttgttgc agatgaagcg cgcaagaccg tctgaagata ccttcaaccc cgtgtatcca 60 
tatgaacact acaatcccct tgacattcca tttattacac ccccgtttgc ttcctccaac 120 
ggcttgcaag aaaaacctcc gggagtcctc agcctgaaat acactgatcc acttacaacc 180 
aaaaacgggg ctttaacctt aaaattgggc acgggactaa acattgataa aaatggagat 240 
ctttcttcag atgctagcgt ggaagttagc gcccctatca ctaaaaccaa caaaatcgta 300 
ggtttaaatt acactaagcc tctcgctctg caaaataacg cgcttactct ttcttacaac 360 
gcgcccttta acgtagtaaa taataattta gctctaaata tgtcacagcc tgttactatt 420 
aatgcaaaca acgaactttc tctcttaata gacgccccac ttaatgctga cacgggcact 480 
cttcgccttc gaagtgatgc acctcttgga cragtagaca aaacactaaa ggttttgttt 540 
tctagccccc tctatctaga taataacttt cttacactag ccattgaacg cccgctagct 600 
ctatccagta acagagcagt ggcccttaag tattcaccac ctttaaaaat agaaaacgaa 660 
aacttaaccc taagcacagg cggacctttt actgtaagcg ggggaaattt aaacctggca 720 
acatcggcac ccctctccgt gcaaaacaat tctctctcct taggggttaa cccgcctttt 780 
ctcatcactg actctggatt agctatggac ttaggagacg gtcttgcatt aggtggctct 840 
aagttaataa tcaatcttgg tccaggttta caaatgtcta atggagctat tactttagca 900 
ctagatgcag cgctgccttt gcaatataaa aacaaccaac ttcaactcag aattggctcc 960 
gcgtctgctt taattatgag cggagtaaca caaacattaa acgtcaatgc caataccagc 
1020 

aaaggtcttg ctattgaaaa taactcacta gttgttaagc taggaaacgg tcttcgcttt 
1080 . 

gatagctggg gaagcatagc tgtctcacct actaccacta cccctaccac cctatggacc 
1140 

accgcggacc cgtctcctaa cgccactttt tatgaatcac tagacgccaa agtgtggcta 
1200 

gttttagtaa aatgcaacgg catggttaac gggaccatat ccattaaagc tcaaaaaggc 
1260 

actttactta aacccacagc tagctttatt tcctttgtca tgtattttta cagcgacgga 
1320 

acgtggagga aaaactatcc cgtgtttgac aacgaaggga tactagcaaa cagtgccaca 
1380 

tggggttatc gacaaggaca gtctgccaac actaacgttt ccaatgctgt agaatttatg 
144 0 

cctagctcta aaaggtatcc caatgaaaaa ggttctgaag ttcagaacat ggctcttacc 
1500 

tacacttttt tgcaaggtga ccctaacatg gccatatctt ttcagagcat ttataatcat 
1560 

gcaacagaag gctactcatt aaaattcncc tggcgcgttc gaaataatga acgttttgac 
1620 

atcccctgtt gctcattttc ttatgtaaca gaacaataaa tgcattag 
1668 
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<210> 21 

<211> 1062 

<212> DNA 

<213> Adenoviridae 

<220> 

<223> /note="Adenovirusl6 fiber sequence 



atacccaaac gagctcggct aagcagctcc ttcaatccgg tctaccccta tgaagatgaa 60 
agcagctcac Lcacccctt ta?aalccct ggtttcattt cctcaaatgg ttttgcacaa 20 
aacccacatg gagttctaac tcttaaatgt gttaatccac tcactaccgc cagcggaccc 180 
SS3 Kttggaag cagtcttaca gtagatacta tcgatgggtc tttggaggaa 
aat-ataacta ccqcaqcgcc actcactaaa actaaccact ccataggttt attaatagga juu 
tctcgcttgc aaacaaagga tgataaactt tgtttatcgc tgggagatgg gttggtaaca 360 
aaggatga?a aactatg??t alcgctggga gatgggttaa taacaaaaaa tgatgtacta 20 
tglgcclaac taggacatgg ccttgtgttt gactcttcca atgctatcac "tagaaaac 480 
aacaccttqt ggacaggcgc aaaaccaagc gccaactgtg taattaaaga gggagaagat 540 
?ccccaqact qtaagcLac tttagttcta gtgaagaatg gaggactgat aaatggatac 600 
ataa C ca??fa ?gggagcctc agaa?atact -caccttgt "aaaaacaa tcugttt. 
atcaatataa acctcgcatt tgataatact ggccaaatta ttacttacct atcatccctt 
aaalataacc tgaacittaa agacaaccaa aacatggcta ctggaaccat aaccagtgcc 780 
aaaggcttca tgcccagcac caccgcctat ccatttataa catacgccac tgagacccta 840 
aataaagatt acatttatgg agagtgttac tacaaatcta ccaatggaac tctctttcca 900 
c?aaaagtta ctgtcacact aaacagacgt atgttagctt ctggaatggc ctatgctatg 960 
aatttttcat ggtctctaaa tgcagaggaa gccccggaaa ctaccgaagt cactctcatt 

1020 h . M 

acctccccct tctttttttc ttatatcaga gaagatgact ga 

1062 



<210> 22 

<211> 1074 

<212> DNA 

<213> Adenoviridae 

<220> 

<223> /note-"Rdenovirus5 /chimeric fiber!6 sequence" 



atgStgtSgc agatgaagcg cgcaagaccg tctgaagata cctteucee cgtgtatcca 60 
t-ataaaaata aaagcagctc acaacacccc tttataaacc ctggtttcat ttcctcaaat 
qq«ttgcac aaagcccaga tggagttcta actcttaaat gtgttaatcc actcactacc 180 
gfcagcggac "c?cca.It taaagttgga agcagtctta cagtagatac tatcgatggg 240 
?ctt?gglgg aaaatataac tgccgaagcg ccactcacta aaactaacca ctccataggt 300 
ttattaataq gatctggctt gcaaacaaag gatgataaac tttgtttatc gctgggagat 360 
oaattcqtaa caaaggatga Laactatgt ttatcgctgg gagatgggtt aataacaaaa 420 
aKa?gtac tatg?gccaa actaggacat ggccttgtgt ttgactcttc "atgctatc 4 0 
accataqaaa acaacacctt gtggacaggc gcaaaaccaa gcgccaactg tgtaattaaa 540 
gagggagaag attccccaga ctgcaagctc actttagttc tagtgaagaa tggaggactg 600 
a^aaatgga? acataacatt aatgggagcc tcagaatata "aacacctt 9«taaaaac 660 
aatcaaqtta caatcgatgt aaacctcgca tttgataata ctggccaaat tattacttac uu 
ctatca?ccc ttaaaagtaa cctgaacttt aaagacaacc "aacatggc tactggaacc 780 
ataaccaqtg ccaaaggctt catgcccagc accaccgcct atccatttat aacatacgcc b«u 
actgagaccl taaatgaaga ttacatttat ggagagtgtt actacaaatc tacca-tgga 900 
Sltetttc cactaaaagt tactgtcaca ctaaacagac gtatgttagc "ctggaatg 960 
gcctatgcta tgaatttttc atggtctcta aatgcagagg aagccccgga aactaccgaa 

gtcactctca ttacctcccc cttctttttt tcttatatca gagaagatga ctga 
1074 



<210> 23 
<211> 353 
<212> PRT 
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10 



15 



20 



25 



<213> Adenoviridae 
<220> 

<223> /note»"Adendvirusl6 fiber protein sequence" 
<4 00> 23 

Met Ala Lys Arg Ala Arg Leu Ser Ser Ser Phe Asn Pro Val Tyr Pro 
1 5 10 15 

Tyr Glu Asp Glu Ser Ser Ser Gin His Pro Phe He Asn Pro Gly Phe 

20 25 30 

He Ser Ser Asn Gly Phe Ala Gin Ser Pro Asp Gly Val Leu Thr Leu 
35 40 45 

Lys Cys Val Asn Pro Leu Thr Thr Ala Ser Gly Pro Leu Gin Leu Lys 
50 55 .60 

Val Gly Ser Ser Leu Thr Val Asp Thr lie Asp Gly Ser Leu Glu Glu 
65 70 75 80 

Asn He Thr Ala Ala Ala Pro Leu Thr Lys Thr Asn His Ser He Gly 

'85 90 95 

Leu Leu He Gly Ser Gly Leu Gin Thr Lys Asp Asp Lys Leu Cys Leu 

100 105 110 

Ser Leu Gly Asp Gly Leu Val Thr Lys Asp Asp Lys Leu Cys Leu Ser 
115 120 * 125 

Leu Gly Asp Gly Leu He Thr Lys Asn Asp Val Leu Cys Ala Lys Leu 
130 135 140 

Gly His Gly Leu Val Phe Asp Ser Ser Asn Ala He Thr He Glu Asn 
145 150 155 .160 

Asn Thr Leu Trp Thr Gly Ala Lys Pro Ser Ala Asn Cys Val He Lys 

165 170 175 

Glu Gly Glu Asp Ser Pro Asp Cys Lys Leu Thr Leu Val Leu Val Lys 

180 185 190 

Asn Gly Gly Leu lie Asn Gly Tyr He Thr Leu Met Gly Ala Ser Glu 
195 200 . 205 

Tyr Thr Asn Thr Leu Phe Lys Asn Asn Gin Val Thr He Asp Val Asn 
210 . 215 220 

Leu Ala Phe Asp Asn Thr Gly Gin He He Thr Tyr Leu Ser Ser Leu 
225 230 235 * 240 

Lys Ser Asn Leu Asn Phe Lys Asp Asn Gin Asn Met Ala Thr Gly Thr 

245 250 255 

He Thr Ser Ala Lys Gly Phe Met Pro Ser Thr Thr Ala Tyr Pro Phe 

260 265 270 

He Thr Tyr Ala Thr Glu Thr Leu Asn Glu Asp Tyr He Tyr Gly Glu 
50 275 280 285 

Cys Tyr Tyr Lys Ser Thr Asn Gly Thr Leu Phe Pro Leu Lys Val Thr 
290 295 300 

Val Thr Leu Asn Arg Arg Met Leu Ala Ser Gly Met Ala Tyr Ala Met 
55 3 0 5 3 1 0 3 1 5 . " ~ 320 



30 



35 



40 



45 
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I Phe Ser Trp Ser Leu Asn Ala Glu Glu Ala Pro Glu Thr Thr Glu 



Asn 



Val Thr Leu 



325 



330 



He Thr Ser Pro Phe Phe Phe Ser Tyr lie Arg Glu Asp 



340 



345 



Asp 



<210> 24 
<211> 353 
<212> PRT 

<213> Adenoviridae 

<223> /note* "Adenovirus 16A fiber protein sequence' 



<400> 24 
Met 



Lys 4 Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro 

1 5 

Tyr Glu Asp Glu Ser Ser Ser Gin His Pro Phe lie Asn Pro Gly Phe 

20 25 J 

lie Ser Ser Asn Gly Phe Ala Gin Ser Pro Asp Gly Val Leu Thr Leu 

35 40 
Lys Cys Val Asn Pro Leu Thr Thr Ala Ser Gly Pro Leu Gin Leu Lys 
50 55 

val Gly Ser Ser Leu Thr Val Asp Thr lie Asp Gly Ser Leu Glu Glu 

70 75 



65 



Asn lie Thr Ala Glu Ala Pro Leu Thr Lys Thr Asn His Ser lie Gly 



85 



95 



L eu Leu lie Gly Ser Gly Leu Gin Thr Lys Asp Asp Lys Leu Cys Leu 



100 



105 



Ser Leu Gly Asp Gly Leu Val Thr Lys Asp Asp Lys Leu Cys Leu Ser 
X X 5 

Leu Gly Asp Gly Leu He Thr Lys Asn Asp Val Leu Cys Ala Lys Leu 

130 135 
Gly His Gly Leu Val Phe Asp Ser Ser Asn Ala He Thr He Glu Asn 
145 150 

Asn Thr Leu Trp Thr Gly Ala Lys Pro Ser Ala Asn Cys Val lie Lys 



165 



170 



Glu Gly Glu Asp Ser Pro Asp Cys Lys Leu Thr Leu Val Leu Val Lys 



180 



185 



Asn Gly Gly Leu lie Asn Gly Tyr He Thr Leu Met Gly Ala Ser Glu 



195 



200 



Tyr Thr Asn Thr Leu Phe Lys Asn Asn Gin Val Thr lie Asp Val Asn 

210 215 
Leu Ala Phe Asp Asn Thr Gly Gin He He Thr Tyr Leu Ser Ser Leu 
225 230 

Lys Ser Asn Leu Asn Phe Lys Asp Asn Gin Asn Met Ala Thr Gly Thr 
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He Thr Ser Ala 

260 

He Thr Tyr Ala 
275 

Cys Tyr Tyr Lys 
290 

Val Thr Leu Asn 
305 

Asn Phe Ser Trp 

Val Thr Leu lie 

340 

Asp 

Claims 

1. A gene delivery vehicle having been provided with at least a tissue tropism for smooth muscle cells and/or en- 
dothelial cells. 

2. A gene delivery vehicle having been deprived of at least a tissue tropism for liver cells. 

3. A vehicle according to claim 1 wherein said vehicle has been deprived of at least a tissue tropism for liver cells. 

4. A vehicle according to anyone of the claims 1-3, wherein said tissue tropism is being provided by a virus capsid. 

5. A vehicle according to claim 4, wherein said capsid comprises protein fragments from at ieast two different viruses. 

6. A vehicle according to claim 5, wherein at least one of said viruses is an adenovirus. 

7. A vehicle according to claim 5 or claim 6, wherein at least one of said viruses is an adenovirus of subgroup B. 

8. A vehicle according to anyone of the claims 5-7, wherein at least one of said protein fragments comprises a tissue 
tropism determining fragment of a fiber protein derived from a subgroup B adenovirus. 

* » 

9. A vehicle according to anyone of the claim 7 or claim 8, wherein said subgroup B adenovirus is adenovirus 16. 

10. A vehicle according to claim 7-9, wherein protein fragments not derived from an adenovirus of subgroup B are 
derived from an adenovirus of subgroup C, preferably of adenovirus 5. 

11. A vehicle according to anyone of the claims 1-10 comprising a nucleic acid derived from an adenovirus. 

12. A vehicle according to anyone of the claims 1-11, comprising a nucleic acid derived from at least two different 
adenoviruses. 

13. A vehicle according to claim 11 or claim 12, wherein said nucleic acid comprises at least one sequence encoding 
a fiber protein comprising at least a tissue tropism determining fragment of a subgroup B adenovirus fiber protein, 
preferably of adenovirus 16. 

31 



245 250 

Lys Gly Phe Met Pro Ser 

.265 

Thr Glu Thr Leu Asn Glu 

280 

Ser Thr Asn Gly Thr Leu 
295 



Arg Arg Met Leu Ala Ser 
310 



Ser Leu Asn Ala Glu Glu 
325 330 

Thr Ser Pro Phe Phe Phe 

345 



255 

Thr Thr Ala Tyr Pro Phe 

270 



Asp Tyr lie Tyr Gly Glu 
285 



Phe Pro Leu Lys Val Thr 
300 



Gly Met Ala Tyr Ala Met 
315 320 

Ala Pro Glu Thr Thr Glu 

. 335 

Ser Tyr lie Arg Glu Asp 

350 
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adenovirus nucleic acid has been reduced or disabled. 
16. A vehicle according to anyone of the claims 1-15, comprising a minimal adenovirus vector or an Ad/AAV chimaeric 



vector. 



17. A vehicle according to anyone of the claims 1-16. further comprising at least one non-adenovirus nucleic add. 

18 . A vehicle according to Cairn 17 wherein at .east one of said £^ 

the group of genes encoding: an apolipoprote.n a nrtnc ""^^^^^^^J^ protein, 
an inter.eukin-3, an interieukin-1«. an (anfi)ang,ogeness ^^^^T^ a ba sic fibroblast growth 
a smooth muscle cell anti-migration protein, a vascular endothelial growth factor ivi*r 
factor, a hypoxia inducible factor 1a (HIF-1a) or a PAH. 

19 . A eel, for the production of a vector according to anyone, rfthe 

20. A ce.. according to Calm 19, wherein said cel. is or is derived from a PER.C6 ce.. (ECACC deposit number 
96022940). 

21. The use of a vehicle according to anyone of the claims 1-18 as a pharmaceutical. 

22. The use of claim 21 for the treatment of cardiovascular disease. 

23. The use of claim 21 for the treatment of a disease, treatable by transfer of a therapeutic nucleic acid to smooth 
muscle cells and/or endothelial cells. 

KSCShL d.rf-ed from a «,bg,oup B ad.nci™. pn*r,H, o. frdencms 16. 

muscle cells and/or endothelial cells. 
27. The use of an adenovirus capsid according to claim 26. in a medicament for the treatment of a disease. 

28 Construct pBr/Ad.BamRAFib, comprising adenovirus 5 sequences 21562-31094 and 32794-35938. 

29 Construct P Br,AdBamRf,b16. comprising adenovirus 5 sequence 21562-31094 and 32794-35938. further com- 
prising an adenovirus 16 gene encoding fiber protein. 

prising an adenovirus 16 gene encoding fiber protein. 
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32. Construct pWE/Ad.AflllrlTRDE2Afib16, comprising adenovirus 5 sequences 3534-22443, 24033-31094 and 
32794-35938, further comprising an adenovirus 16 gene encoding fiber protein. 

33. The use of a construct according to anyone of the claims 28-32 for the generation of a vehicle according to anyone 
of the claims 1-18 or an adenovirus capsid according to claim 24 or claim 25. 

34. The production of a vehicle according to anyone of the claims 1-18 or a adenovirus capsid according to claim 24 
or claim 25. 

35. The use of a vehicle according to anyone of the claims 1-18 for the generation a gene library. 

* » 

36. The use of a fiber protein of adenovirus 1 6 for the delivery of nucleic acid to smooth muscle cells and/or endothelial 
cells. 

37. The use of a fiber protein of adenovirus 16 in an adenovirus capsid for depriving said capsid of a tissue tropism 
for liver cells. 
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Figure 1 
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Figure 4A: Sequence of Ad5 fiber 

ATGAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATAj^ACACGGAA^CCGGTC 

CTCCAACTGTGCCTTTTCTTACTCCTCCCTTTGTATCCCCCAATGGGTTTCAAGAG 

GGTACTCTCTTTGCGCCTATCCGAACCTCTAGTTACCTCC^ 

AACGGCCTCTCTCTGGACGAGGCCGGCAACCTTACCTCCCAAAATGTAACCACTGTGAGCCC^ 
TCAAAAAAACCAAGTCAAACATAAACCTGGAAATATCTGCACCCCTCACAGTTACCTCAGAAGCCCT 
AACTGTGGCTGCCGCCGCACCTCTAATGGTCGCGGGCAACACACTCACCATGCAATCACAGGCCCCG 
CTAACCGTGCACGACTCCAAACTTAGCATTGCCACCCAAGGACCCCTCACAGTGTCAGAAGGAAAGC 

TAGCCCTGCAAACATCAGGCCCCCTCACCACCACCGATAGCAGTACCCTTACTATCACTGCCTCACC 
CCCTCTAACTACTGCCACTGGTAGCTTGGGCATTGACTTGA^^ 
AAACTAGGACTAAAGTACGGGGCTCCTTTGCATC 
CTGGTCCAGGTGTGACTATTAATAATACTTCCTTC 

TTCACAAGGCAATATGCAACTTAATGTAGCAGGAGGACTAAGGATTGATTCTCAAAACAGACGCCTT 

ATACTTGATGTTAGTTATCCGTTTGATGCTCAAAACCAACTAAATCTAAGACTAGGACAGGGCCCTC 

TTTTTATAAACTCAGCCCACAACTTGGATATTAACTACAACAAAGGCCTTTACTTGTTTAC 

AAACAATTCCAAAAAGCTTGAGGTTAACCTAAGCACTGCCAAGGGGTTGATGTTTGACGCTACAGCC 

ATAGCCATTAATGCAGGAGATGGGCTTGAATTTGGTTCACCTAATGCACCAAACACAAATCCCCTCA 

AAACAAAAATTGGCCATGGCCTAGAATTTGATTCAAA 

CCTTAGTTTTGACAGCACAGGTGCCATTACAGTAGGAAACAAAAATAATGATAAGCTAACTTTGTGG 

ACCACACCAGCTCCATCTCCTAACTGTAGACTAAATGCAGAGAAAGATGCTAAACTCACTTTGGTCT 

TAACAAAATGTGGCAGTCAAATACTTGCTACAGTTTCAGTTTTGGCTGTTAAAGGCAGTTTC 

AATATCTGGAACAGTTCAAAGTGCTCATCTTATTATAAGATTTGACGAAAATGGAGTGCTA 

AATTCCTTCCTGGACCCAGAATATTGGAACTTTAGAAATGGAGATCTTACTGAAGGCACAGCCTATA 

CAAACGCTGTTGGATTTATGCCTAACCTATCAGCTTATCCAAAATCTCACGGTAAAACTGCCAAA 

TAACATTGTCAGTCAAGTTTACTTAAACGGAGACAAAACTAAACCTGTAACACTAACCATTACACTA 

AACGGTACACAGGAAACAGGAGACACAACTCCAAGTGCATACTCTATGTCATTTTCATGGGACTGGT 

CTGGCCACAACTACATTAATGAAATATTTGCCACATCCTCTTACACTTTTTCATACATTGCCCAAGA 

ATAA . 
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Figure 4B: Sequence o« Ad5/fibl2 chimeric fiber 

GGGTCATGAAAGTAAACGTTCXCC^^ 
TTATCCCTTTGATGCGAGCAATAACCTGTCCTTAAGACGGGGATTG^^ 

ACAAACTGGAACTTAACAACTGATATTOGTACCGAAAAAGGTTCAAT 

CTCTTAATGCAGGTCAGGGGCTTACATTTAATAATGGCCAACTraAGGCTT 

AATGCATTAG 
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Figure 4C: Sequence of Ad5/fibl6 chimeric fiber 

ATGAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATGAAGATGAAAGCAGCT 
CACAACACCCCTTTATAAACCCTGGTTTCATTTCCTCAAATGGTTTTGCAC 

TCTAACTCTTAAATGTGTTAATCCACTCACTACCGCCAGCGGACCCCTCCAACTTAAAGTTGGAAGC 

AGTCTTACAGTAGATACTATCGATGGGTCTTTGGAGGAAAATATAACTGCCGAAGCGCCACTCACTA 

AAACTAACCACTCCATAGGTTTATTAATAGGATCTGGCT^ 

ATCGCTGGGAGATGGGTTGGTAACAAAGGATGATAAACTATGTTTATCG 

ACAAAAAATGATGTACTATGTGCCAAACTAGGACATCGCCTTGTGTTTC 

CCATAGAAAACAACACCTTGTGGACAGGCGCAAAACCAAGCGCCAACTGTGTAATTAAAGAGGGAGA 

AGATTCCCCAGACTGTAAGCTCACTTTAGTTCTAGTGAAGAATGGAGGACTGATAAATGGATACATA 

ACATTAATGGGAGCCTCAGAATATACTAACACCTTGTTTAAAAACAATCAAGTTACAATC 

ACCTCGCATTTGATAATACTGGCCAAATTATTACTTACCTATCATCCCTTAAAAGTAACCTGAACTT 

TAAAGACAACCAAAACATGGCTACTGGAACCATAACCAGTGCCAAAGGCTTCATGCCCAGCACCACC 

GCCTATCCATTTATAACATACGCCACTGAGACCCTAAATGAAGATTACATTTATGGAGAGTGTTACT 

ACAAATCTACCAATGGAACTCTCTTTCCACTAAAAGTTACTGTCACACTAAACAGACGTATGTTAGC 

TTCTGGAATGGCCTATGCTATGAATTTTTCATGGTCTCTAAATGCAGAGGAAGCCCCGGAAACTACC 

GAAGTCACTCTCATTACCTCCCCCTTCTTTTTTTCTTATATCAGAGAAGATGACTGAATGCATTAG 
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Figure 4D: Sequence of Ad5/fib28 chimeric fiber 

ACGCGCGGAATCAGAATATCCCCTTCCT^^CCCCC^™^reA^^^ ^ 

CCCACCTGGOTTCCl^ACTCAAACTG^A 
AAGTTGGGAGGCGGACTGACGGTGGAAAAAGAGT(^^ 
TGCAA(5TTGCAAGTGGACAATT(MAArrAG^TATCA^ 
TACTCTTAAAGCAGGTCACGGCTTAGCAGTTGT^ACGAAAGACAM 

CCTATATCGCCCAAGAATGAATGCATTAG 
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Figure 4E: Sequence of Ad5/fib40-L chimeric fiber 

ATGTTGTTGCAGATGAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATGAAC 
ACTACAATCCCCTTGACATTCCATTTATTACACCCCCGTT^ 

ACCTCCGGGAGTCCTCAGCCTGAAATACACTGATCCACTTACAACCAAAAACGGGGCTTTAACCTTA 

AAATTGGGCACGGGACTAAACATTGATAAAAATGGAGATCTTTCTTCAGATGCTAGC 

GCGCCCCTATCACTAAAACCAACAAAATCGTAGGTTTAAATTACACTAAGCCTCTCGCTCTGCAAAA 

TAACGCGCTTACTCTTTCTTACAACGCGCCCTTTAACGTAGTAAATAATAATTTAGCTCTAAATATC 

TCACAGCCTGTTACTATTAATGCAAACAACGAACTTTCTCTCTTAATAGACGCCCCACTTAATGCTG 

ACACGGGCACTCTTCGCCTTCGAAGTGATGCACCTCTTGGACTAGTAGACAAAACACTAAAGGTTTT 

GTTTTCTAGCCCCCTCTATCTAGATAATAACTTTCTTACACTAGCCATTGAACGCCCGCTAGCTCTA 

TCCAGTAACAGAGCAGTGGCCCTTAAGTATTCACCACCTTTAAAAATAGAAAACGAAAACTTAACCC 

TAAGCACAGGCGGACCTTTTACTGTAAGCGGGGGAAATTTAAACCTGGCAACATCGGCACCCCTCTC 

CGTGCAAAACAATTCTCTCTCCTTAGGGGTTAACCCGCCTTTTCTCATCACTGACTC 

ATGGACTTAGGAGACGGTCTTGCATTAGGTGGCTCTAAGTTAATAATCAATCTTGGTCCAGGTTTAC 

AAATGTCTAATGGAGCTATTACTTTAGCACTAGATGCAGCGCTGCCTTTGCAATATAAAAACAAC 

ACTTCAACTCAGAATTGGCTCCGCGTCTGCTTTAATTATGA 

AATGCCAATACCAGCAAAGGTCTTGCTATTGAAAATAACTCACTAGTTGTTAAGCTAGGAAAC 

TTCGCTTTGATAGCTGGGGAAGCATAGCTGTCTCACCTACTACCACTACCCCTACCACCCTATGGAC 
CACCGCGGACCCGTCTCCTAACGCCACTTTTTATGAATCACTAGA 

GTAAAATGCAACGGCATGGTTAACGGGACCATATCCATTAAAGCTCAAAAAGGCACTTTACTTAAAC 
CCACAGCTAGCTTTATTTCCTTTGTCATGTATTTTTACAGCGACGGAACGTGGAGGAAAAACTATCC 

CGTGTTTGACAACGAAGGGATACTAGCAAACAGTGCCACATGGGGTTATCGACAAGGACAGTCTGCC 
AACACTAACGTTTCCAATGCTGTAGAATTTATGCCTAGCTC 

CTGAAGTTCAGAACATGGCTCTTACCTACACTTTTT 

TCAGAGCATTTATAATCATGCAATAGAAGGCTACTCATTAAAATTCNCCTGGCGCGTTCGAAATAAT 
GAACGTTTTGACATCCCCTGTTGCTCATTTTCTTATGTAACAGAACAATAAATGCATTAG 
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Figure 5 
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Figure 9A, page 1 



Alignment Report of Untitled, using Ousts! method with Weighted residue weight table. 
Thursday, November 19, 199B 18:25 



1 AT G GC C A A A C G A G CTCG G C T A AG C A G CT Adl6 gaihank.se 

1 AT G lT T G T T 5 c a[g! aF3 G AtA G C G 5 G cf3 a[g"a] Cf3 GlT CTGAAGATAl Ad5/fibl6.i 



29 CCTTCAATCCGGTCTACCCCTATGAAGATGAAAGCAGCTC Adl6 geribank.se 

41 C C T T C A A0C C0 G T0T a(2c c(3t ATGAAGATGAAAGCAGCTC Ad5/fihl6.seq 

€9 ACAACACCCCTTTATAAACCCTGGTTTCATTTCCTCAAAT AcU6 genbank 

81 ACAACACCCCTTTATAAACCCTGGTTTCATTTCCTCAAAT Ad5/fibl6. 



109 GGTTTTGCACAAAGCCCAGATGGAGTTCTAACTCTTAAAT Adl6 genbank.se 

121 GGTTTTGCACAAAGCCCAGATGGAGTTCTAACTCTTAAAT A35/fibl6.8eq 

149 GTGTTAATCCACTCACTACCGCCAGCGGACCCCTCCAACT AcU6 geribank.se 

161 GTGTTAATCCACTCACTACCGCCAGCGGACCCCTCCAACT Ad5/fifcl6.i 



189 TAAAGTTGGAAGCAGTCTTACAGTAGATACTATCGATGG G Adl6 gerihank.se 

201 T A A A G T T G G A A G CA G T C T T A C A G T A G A T A C T A T C G A T G G G Ad5/fibl6 .seq 

229 TCTTTGGAGGAAAATATAACTGCCGCAGCGCCACTCACTA Adl6 genbank.se 

241 TCTTTGGAGGAAAATATAACTGCC gQa GCGCCACTCACTA Ad5/fitol6.i 



2© AAACTAACCACTCCATAGGTTTATTAATAGGATCTGGC T T AcH 6 geribank.se 
281 AAACTAACCACTCCATAGGTTTATTAATAGGATCTGGCTT Ad5/fihl6.j 



309 GCAAACAAAGGATGATAAACTTTGTTTATCGCTGGGAGAT Adl6 geribank 

321 GCAAACAAAGGATGATAAACTTTGTTTATCGCTGGGAGAT Ad5/f Ubi6.seq 

349 GGGTTGGTAACAAAGGATGATAAACTATGTTTATCGCTGG AcJ16 genbank.se 

361 GGGTTGGTAACAAAGGATGATAAACTATGTTTATCGCTGG Ad5/fibl6.seg 

389 GAGATGGGTTAATAACAAAAAATGATGTACTATGTGCCAA AcTL6 genbank.se: 

401 GAGATGGGTTAATAACAAAAAATGATGTACTATGTGCCAA Ad5/fihl6j 



429 ACTAGGACATGGCCTTGTGTTTGACTCTTCCAATGCTATC Adl6 geribank.sec 

441 ACTAGGACATGGCCTTGTGTTTGACTCTTCCAATGCTATC Ad5/fii>16 . seq . 

469 ACCATAGAAAACAACACCTTGTGGACAGGCGCAAAACCAA Adl6 geribank.sec 

481 ACCATAGAAAACAACACCTTGTGGACAGGCGCAAAACCAA Ad5/fibl6.sea 

509 GCGCCAACTGTGTAAT T A AAGAGGGAGAAG AT TCCCCAGA Adl6 geribank.sec 

521 GCGCCAACTGTGTAATTAAAGAGGGAGAAGATTCCCCAGA Ad5/fibl6.seq 

549 CTGTAAGCTCACTTTAGTTCTAGTGAAGAATGGAGGACTG Adl6 geribank.sec 

5Q CTGTAAGCTCACTTTAGTTCTAGTGAAGAATGGAGGACTG Ad5/f i&L6 . seq 

589 ATAAATGGATACATAACATTAATGGGAGCCTCAGAATATA Adl6 geribank. seq 

601 ATAAATGGATACATAACATTAATGGGAGCCTCAGAATATA Ad5/fiM6 . seq 

629 CTAACACCTTGTTTAAAAACAATCAAGTTACAATCGATGT Adl6 genbank.seq 

641 CTAACACCTTGTTTAAAAACAATCAA' GTTACAATCGATGT Ad5/f iKL6.seq 

669 AAACCTCGCATTTGATAATACTGGCCAAATTATTACTTAC Adl6 genbank.seq 

681 AAACCTCGCATTTGATAATACTGGCCAAATTATTACTTAC Ad5/fibl6.seq 

709 CTATCATCCCTTAAAAGTAACCTGAACTTTAAAGACAACC Adl6 genbank.seq 

721 CTATCATCCCTTAAAAGTAACCTGAACTTTAAAGACAACC Ad5/€ihl6.seq 
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Figure 9A f page 2 



AUgnment Report of UnUtW usln fl Dustal method wUh Weighted n,,.due weight table. 

Thursday, Novemb er 19, 1898 18:26 ' , trr , TA ' A cCAGT6CCAAAGGCT T Adl6 geribanJc.a 

AAAACATGGCTACTGGAACCATAACLAbi 

.,^ii.rrATTTATAACATACGCC AcO-6 ganbanJc.s 
CATGCCCAGCACCACCGCCTATCCATTTATAACATACGCC M5/f il>16 .BSJ 

iriTTACATTTATGGAGAGTGTT Adl6 genbarik.a 
ACTGAGACCCTAAATGAAGATTACATTTATGGAGAGTGTT Ad5/fihl6 .seq 

~ * » m r» r * aTTCTCTTTCCACTAAAAGT A316 geribenk.i 
ACTACIlA*^''^ Ad5/£ibl6 .sea 

.,^T»TrTTAGCTTCTGGAATG Adl6 gaibarik.i 

:nKi:siH:ii5i»isi!s:n;sKii;: e .i:i::saa2; 
si:sr.s:siis c .H c .!Sii:JsiH e .^i5?iJS"««swa 

TO.tto ••—tf- #1' ! ftac riia that diltax Cconi M16 »-*-»—■• 
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Figure 9B 



Alignment Report or Untitled, using Clustal method with PAM250 residue weight table. 
Thursday, November 19, 1998 18:09 
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Decoration •Decoration #1' : Box residues that differ fran the Consensus. 
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